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PRECIS
RESEARCH PROGRESS REPORT

Title: "Annual Report: Automatic Indexing and Abstracting,” Annual Progress
Report, Part 1, Office of Naval Research, Contract Nonr 4440(00).

Background: This investigation is concerned with the development o: automatic
indoxing, abstracting, and extracting systems. Basic investigations in E:lish
morphology, phonetics, and syntax are pursued as necessary means {o this end.

Condensed Report Contents: The sccond annual report on automatic indexing and
extracting consists of 8 papers summarizing progress in three arcas of investigation:

(1) Applicatior. of English word morphology to automatic indexing and extracting
(2) Use of combined syntactic and entropy selection criteria in automatic indeaing

(3) Studies in phonetic English

The first four papers arc concerned with the relationship between the part ol speech
of words and their graphic form. An opcrational definition of affixes is given, the usce-
fulness of affixes in the automatic Jdetermination of parts of specch is discussed, and an
algorithm is outlined for determining parts of speech with a dictionary look-up of less
than 200 alfixes and less than 800 words. The inflection of adjectives is also discussed,
anticipating the need for future refinement of the part-of-speech algorithm, which at
present identifies 11 part-of-speech categories.  For some objectives these categories
may be inadequate, necessitating further breakdown, for example adjectives migit be
further distinguished as relative, comparative, cte.

The fifth paper is a progress veport on the development of a method cor automatic
indexing without reference to any pre-prepared (ictionary, thesaurus, cte. [t shows
the current rosults on five text excerpts,

The final three papors are concerned with the relationship between English phonctics
and English morphology. One of the papees is concerned with homonvims, which yopre-
sont a problem arcea in transformation from phonctic to grapaic English,  Another dips-
cusses a function for mapy ing written English into spoken English, and the thivd desceidnes
a computerized study of transcribed English phonetics as given by different dictionaries.

For Further Information:  The camplete report is available in Lie major Navy techaical
libravies and can he ohtained {rom the Defense Documentation Center. A few copics
arc available for distribution by the author.
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FOREWORD

The issuc of this report marks the completion of the second year in which the
Office of Naval Rescarch has contributed support to the program of research in the
information sciences at the Palo Alto Laboratories of the Lockhecd Missiles & Space
Company.

It is convenient to think of the work reported here as dealing with a data base.
During the f{irst year of the program, a major part of the effort went into establish-
ment of the data base. Illustration of its nature and use are provided by the five

volumes of The English Word Speculum which was distributed to ONR program par-

ticipants during the last year. In this report, examples of exploration and application
of the data base to probliems in linguistics and information analysis are given. Special
attentzion should be given te the report by R. P. Mitchell which shows how the resecarch
methods developed for written English can be used in an approach to the problems of
synthe :is and recognition of spoken English.

One part of the year's work is not reported here. This deals with development
of a technique for obtaining index phrase 3 in kaglish from untranslated Russian tech-
nical texts. Tis work is described in a separate report.

The group at Lockheod takes ihis opportunity to express its thanks for the <ontinued
support and oncouragemoent given by the members of the Information Scionces Branch

of the Office of Naval Research.

B. D. Rudin
Principal Inves!igator
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ABSTRACTS

1. STRUCTURAL DEFINITION OF AFFIXES FROM MULTISYLLABLE WORDS

In July 1964, H. L. Resnikoff and J. L. Dolby prescnted a paper at the
Bloomington mecting of the AMTCL entitled "The Naturc of Affixing in Written English."
In that paper, an algorithm for the structural definition of alfixes was dceveloped and
applied to data consisting of all the words of the form CVCVC in the Shorter Oxford

English Dictionary. Fourteen strong prefixes and twelve strong suflixes, scven weak

prefixes and forty weak suffixes were defined, but it wus noted that all the affixes
could not be expected to show up in two-vowcel-string werds. This paper summarizes
the results of applying a modified form of the operational delinition to data consisting

of all the four-, five-, six-, and seven-vowel-siring words in Webster's Third New

International Dictionary of the English Language. Thirteen additional weak suflixes,
ninetcen weak prefixes, seventeen strong prefixes, one strong suffix, and twelve

poasible suffix-compounding elements wore found.

2. PART-OF-SPEECH IMPLICATIONS OF AUFIXES

This paper describes a systematic investigation of the oxtent to which the part-cf-

spooch of words can be identified from their prefixes and sullixes. The resulis indicale

that it is possible o deterr ine, with 95 percent accurasy, e inclusive part of specch

of an alfixed word {rom a consideration of ils prefixes, suffixes, and length.
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By "inclusive" parts-of-speech we mean a string which will include all of the parts-of-
speech assigned by both dictionaries considered, but which may include one or two
extraneous parts-of-specch. The extra parts-of-speech will differ according to the
class of words, as adjectives may have an extra part-of-speech "'noun" or "adverb,"
while nouns may have an sxtra pnrt—ﬁ(-apeoch "verb." The part-of-specch implications

of 72 prefixes and of 87 suffixes are given.

3. ON THE INFLECTION OF WRITTEN ENGLISH ADJECTIVES

The inflection of adjectives in English is investigated on the basis of the number
of admissible vowel strings contained in a given word. Two types of comparison arc
distinguished: the terminational and the znalytic. The investigation has determined a
direct relationship between the inflection of adjectives (a given set of adjectives of a
certain graphemically defined type) and an casily obscrved structural property, and
the following claiin is made:

1. The standard adjoctives in W (the set of one-vowel-string words which do
ot end with the sequuncy consonant -lc is denoted by W ) which are aot
standard adverbs arce infiocted analytically, i.¢., by using more and most.

2. The standard adjectives in W which are also standard adverbs are inflocted
torminationally, i.e., Ly using the suffixes -or amd -ust.

In viow of the discusaion of the reiation of the traditional parts-nf-spocch classes

to structural properties of English, the assevted claim takes on a special importance.
It asserts that the set of adjectives nf a certain graphemically definod type (namely,

those that bel: . © ) can be partitioned into two classes, one containing the

vi
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; analytically inflectod udjectives, and the other containing the terminationally inflectod
adjoctives. This partition can be detormined solely from the parts-of-specch classes
to which the adjectives belong.

4. AUTOMATIC DETERMINATION OF PARTS OF SPEECII OF ENGLISH WORDS

A prucedure for automatically assigning part-of-specch cnaractoristics to English
words is discussed in this paper. The development of the algorithm is traced, and -
the algorithm itself is described in terms of three basic graphemic rules, which are
used in conjunction with a group of affixes (less than 200) and a list of excoption words
(less than 800) whose part of specch must be stored in the computer for direct look-up.
The results of a test of the algorithm on a 500-word random sample from a 73,582
word dictionary are given. Ninety-five percent of the samples are assigned the corroct
"inclusive' part-of-speech string, where the inclusive string is defined as including
all parts of speech given in the dictionary, but which may include one, or rarely two,

extra parts of spoech.
3. A SYNTACTIC-STATISTICAL METHOD FOR AUTOMATIC INDEXING
The objectives and mothod of an algorithm doveloped for automatic indering are

briclly presonted. The reduction lovel achieved by the algerithm is indicated and the

results of tosts on {ive text excerpls arc shovwn.

vii
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6. STATISTICS OF OPERATIONALLY DEFINED HOMONYMS
OF ELEMENTARY WORDS

This computerized study of the homonyms of elementary words (roughly oauivalent
to monocyllabic words) has allowed the compilation ef cxhaustive lists of homonym
sols, usinc phonetie transcriptions from five different d- tionaries. Of the 5,700
clementary words, 3,000 were involved in at least one homonym set, indicating that
homonyms will present a significant problem in mechanized word rocognition. The
effects on the homonym sets of changing from the phunatic transcription of one dic-
tionary to another were tabulated, as werc the effects of removing dialectal pronunci-
ations. S8ince the effects of dialectal variations turncd out to be relatively smail, it
was possible to categorize and list for study the actual! words whose dialectal pro-

nunciations caused homonym-type confusion with other words.

7. ACOUSTIC PHONETIC TRANSCRIPTION OF W.UTTEN ENGLINH

The function that maps the words of written English onto the corresponding words
of spoken English is doscribod. The simplost hypothesis is that the function ¥,
dofincd on the symbols forming the lottors of tho alphabel, maps cach letter onto a
souwkl and maps the suguence of jetlers “g": as F“'ll‘;"’ F(l.l)}‘(t..:) - This
hypothesis is false, since F i not always woll delined in the sonsc that its values arv
ot always unigue and the oguation doos not always porsiai. On the basis of an cxhaus-
tive dictionary sgarch, we have shown that it ix possiblc to define F in a conlext-

dopendent manner such that its rustriction o consonant striags i uniguely definod,

viii
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with this new definition, the oyuantion holds for consonant strings of the grammatically
homogencous one-vowel -string words of writton English; the consonant atringe in these
words coincide with thosc uninfluenced by the rules of cuphonic combination.

8. COMPUTER STUDY OF TRANSCRIBED ENC LISH PHONETL S:
A PROGRELS REPORT

A summary of a computer-oriented study of the relations between orthographic and
trangcribed phonetic forms of clememtary English words is presented.  The principles
used Lo generate transcribed phonetic data from the ovthography of clementary words
are described.  The computer prograuns which embody these principles were used to
accurately obtain phonetic data contained in five authoritative sources, yiclding
phonetic transcriptions for scveral 1ecognized diialects ol English.

These data were analyzed and scveral important results were obtained. A brief
summary of these results is presented, among them (a) the signilicance of homgnyms,
{) predictable dependoncics of vowel values upon consonant vajues, and (c) the isola-
tion of phonetic segments walch are indepecdent of transcriptions in which they may

occur.
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INTRODUCTION

Ao

During the past year, experiments in automatic indexing have proceeded in four
arcas, threc of which are covered in this report:

(1) Application of English-word morphology to automatic indexing and extracting

(2) Automatic indexing using combined syntactic and entropy sclection c_ritcria

(3) Studies in phonetic English
Each scction comprises papers describing specific efforts within that area. The first
prase of the fourth area of rescarch, direct Russian-to-English indexing, has heen
completed and is documented in a scparate volume of this report, Part 1.

The first scction of this report is a continuation of the last annual report. As that
report indicated, only 66 percent of the 500 words were assigned a correct part-of-
speecch siring by the part-of-speech algorithm, whereas 95 percent accuracy is desired
for the indexing experiment. Thercfore a-more complete study of the two crucial
factors in the algorithm was undertaken:

¢ The determination of affix sequences uand of their part-of-speech implications
(Papers 1 and 2)

@ LExceptions to the basic theoretical premise that words with cne-syllable kernels
have parts of speech noun, adjcctive, and verb, while those with multisyllable
kernels have parts of speech noun and adjective (Paper 3)

These studies indicated that 95 percent accuracy is not obtainable from considera-
tions of vowel-string and word affixing. Accordingly, the goal of 95 percent accuracy
was dropped, at least temporarily, in favor of a more obtainable goal of 95 percent
"inclusive accuracy," whercin the string assigned to a word includes all parts of specch
given by the dictionaries, but which may include one, or rarely two, extrancous parts

of speech. This decision was based on the judgment that in most utilizations of

I-1
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parts-of-spcech information, it is casicr to eliminate or compensate for extra parts
of speech than to infer the existence of, or compensate for, missing parts ol speech.
The goal of 95 percent inclusive accuracy has been reached on the 500-word random
sample from the dictionary. The modificd part-of-specech algorithm can now he
recoded for the IBM 360 Model 30 now available to the research laboratory, and
cading of other programs nccessary to the compilation ol a sentence dictionary can
proceed. The sentence dictionary will be used to investigate the relaticaship hetween
syntax and "indexible'" sentences, as described in the fivst annual veport, It is also
expeeted to play a more general role in the study of syntax, analogous to that playcd
by word dictionaries in the study of morphology. It will provide an orderved list of
obscrved sentence constructions which will be useiuw both in the derivation and testing
of syntactic algorithms.

The sceond section gives the results to date of an evolving adgorithm for combining
syntactic and entropy criteria in the automatic selection of index items and phrascs.
In this experiment, a parsing program is used to seleet the syntactic units upon which
the entropy criteria is then imposed. Because of a change in computers, it has been
possible to complete tests on only five text fragments.  Fuvther relinements and tests
must await the recoding of the programs for the IBM 360 Model 30 now in use by the
Rescearch Laboratory.

The third section desceribes progress in the investigation ol relationships hetween
the phonetic and graphemic forms of English words. Such studics are expected to make
it practicable to use human speech as input to and output frem a computer programned

for any desired automatic processing of language.

I-2
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APPLICATION OF ENGLISH WORD MORPHOLOGY
TO AUTOMATIC INDEXING AND EXTRACTING
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1. STRUCTURAL DEFINITION OF AFFIXES FROM MULTISYLLABLE WORDS"

I.. L.. Earl

In this paper the goal is to define affixes from structural criteria alone. The
problem of when an affix sequenee is genuinely acting as an affix (as re may be con-
sidered a prefix in react but not in read) will not be considered, although the cate-
gorization into strong and weak affixcs is intended to anticipate this problem. The
validity of thc defined affixes will be indicated only by comparison with existent affix
lists. A more utilitarian evaluation of affix validity can be made after the syntactic
and phonetic implications of the defined affixes have been investigated.

The definitions for affixes given in this paper are cssentially unchanged from the
definitions given by Dolby and Rcsnikoﬂ.1 but arc cextended to include both one- and
two-syllable affixes. The data sct to which these definitions are applied is the four-,
five-, six-, and seven-vowel-string words, a set of about 11, 250 words. IFrom this
sct the one- vowel-string affixes which did not occur in the two-vowel-string data sct
(uscd in Refercace 1) will be defined, along with the two-vowel-string affixes which
could not have occurred in the two-vowel-string data.

The extended definition for strong prefixes can be summarized as follows (conso-
nant strings referred to in the definition are given in Table 1-1): Given a word of the
form (“IVXC_JVZC:;V3 ..., if either C‘.: or C;; is an inadmissible consonant string,
there is a mandatory syllable break within the string, 2nd everything preceding that

break is defined as a prefix possibility. A prefix possibility is defined as a prefix

probability if in the data there are at least four words with the same prefix possibility

*This worx was supported by the Office of Naval Research and by the Independent
Rescarch Program of Lockheed Missiles & Space Company.

i-1
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Tablc 1-1
INITIAL AND TERMINAL STRINGS

ADMISSIBLE INITIAL CONSONANT STRINGS OF CVC WORDS

B N . BL Gt St TR SCHl

C p BR GN St ™ SCR

D Q Ci GR SL wii SIR

¥ R CL KN SM WR SPil

G S CR KR SN SPL

I T DR P s SPPR

J \'f DwW PL SQ STR

K w FL PR ST THR
L Z IR RH sW THW
M GH SC TH

ADMISSIBLE FINAL CONSONANT STRINGS
OF CVC WORDS NOT ENDING WITH E

B BB MP SH GHIT
C CH ND SK LCHl
D CK NG SM LPil
F CT NK SP LTH
G DD NN SS MPH
H Yy NT ST MPT
K T NX TH NCH
L GG i TT NTil
M Gil PT WD NTZ
N GN RB WK RCH
P LD rC Wi, RS
R LY RD \WN RST
T K RV XT RTH
W L1 RK YAA SCH
X LM R TCH
Z Ly M

L1 IN

M3 RP

MM iR

MN {y)

[
| 1~
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arising from the same consonant string. A prefix probability becomes a strong prefix

if the same prefix probability arises from two or morc inadmissible consonant strings.
The definition for strong suffixes is analogous, procecding from the other ond of the
word. Thus, given a vord of the form ... V (‘,¥V2C ZVIC if cither C2 or C3 is an

inadmissible s'ring, there s a mandatory syllabic break withir the string, and every-

thing following that break is defined to be a suffix possibility. Then the definition for

suffix probability and for strong suffix is the same as for prefixes; the word suffix

can be substituted for the word prefix wherever it occurs. The censonant string C1

may be blank in either case. The criterion of four or more words in establishing an
affix probability, and the criterion of two or more consonant strings in defining an
affix from a probability, were esiablished in Reference 1. Thesc criteria were cstab-
lished heuristically, and have been retained here not only for the sake of consistency
but also because they were proven cffective.

The definition { r weak affixes has also been extended to include two-syllable
affixes. Weak affixes are so classificd becausc their definition is based on a probable
syllabic break rather than a mandatory break. Because such probable breaks arc not
intcrior to a consonant string, weak prefixes end with a vowel and weak suffixes begin
with a vowel. For orefixes, given a word of the form C V. C_V C_V ., if cither

1'172°2°3°3°

C, or C,_ is an admissible initial string but not an admissible final string, cverything

2 3
preceding that consonant string is a prefix possibility.  FPor suffixes, given a word of
the form . V L ‘V C \’1(‘1. if cither (‘2 or C3 is ap admissible {inal string but not
an admissible initial string, cverything following that consonant string is a suffix possi-
pility. The criteria by which an affix possibility becomes an affix are the same as for

strong affines. Note that these definitions exclude admissible final strings {rom C2

or C,’ for prefixes, and admissible initial strings from C2 e ‘or sulfixes, to

1-3
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increase the reliability of the definition by reducing the probability of postulating a
break before (for prefixes) or after (for suffixes) C2 or C3 where a break does not
exist. Consider the prefix casc first. If 02 or C3 is an admissible initial string,
and also an admissible ending string, the syllabic break could be logically cither
before or after the string. The string Cli is such a string, as the following words
illustrate. |

cnrich/ment ta/chometer

poach/er rc/christen

By climinating such doubtiul strings we should incrcase somewhat the reliability

of the definition of our prefix possibilitics, but we do not completely climinate chance
for error, because even with initial strings that arc not also final strings, a break
may occur internal to a multiletter string or after a single letter string. The strings
BR and GR are such multileiter strings, as the following words illustrate.

sub/routinc ag/riculture

re/broadcast dc/gree

The chances of this happening in two multiletter strings with the same prefix possi-
bility is judged small enough to be discounted, since here we are simply defining prefix
scquences. The chances of error due to a break after a single letter seems greater,
as with the letter S.
re/sidual
res/ident

Heowever, since there are only three single consonants which are beginning but not
cending strings (J, S, V), and since again it takes two consonant strings to cause a

seqionce o be defined as an alfix, this problem, too, can be discounted

1-4
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‘ It is suspccted that the situation for suffixes is more difficult in that the sct of
terminal consonant strings leit after removing initial strings has morc members which

show a tendency to break internally. For example, breaks in the following sirings are

common.
¢/t asin lac/tate m/b asin am/bition
r/t asin fer/tile m/p asin am/jere
p/t  asin  ap/titude r/l as in  pur/loin
r/b  asin ar/bor n/d  as in  ban/dit

Therefore, more diffic ilty a determining when a defined weak suffix is actually
acting as a suffix in a given word could rcasonabiy be anticipated. It would be {nteresting
to subject cach of the weak suffixes to a qualifying test, namely that in the two-syllable
data sct there not be two scts of iiiegal sirings preceding the suffix, where cach had at
lcast four members. When this test was applicd to the five suliixes a, age, g_l_l_ ent,
ock, iwo of the suffixes, a and ock, fuiled the test. But, both a and ock obviously somo-
tiines act as suffixes (they arc both listed in the dictionarics as such), so it is unwise
to climinate them at this point in the reseavch. What is indicated, perhaps, is the
structural classilication of the weak sulfixes by degree of weanness, as a means of
approaching the suffix-in-contoxt problem.

Table 1-2 reviews the prefixes and suffixes defined in Reference 1, using the two-
vowel-string words as the data set. Table 1-3 shows the new - offixe defined using
four-, five-, six-, and seven-vowel-string wortds, with the procoding fetter strings ami
occurrence counts whith established them as suflixes . Surprisingly, there is ént)‘
ome that can lx-r considered a strong suffix, amd th;l, actually turned up as the weak
suifia ation.  Since all of the preceding ketter strings turned out to be of the form 1

(where C = ¢, |, n, or 1), and since phanetic breaks were consistently before the §

1-5
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Table 1-2

AFFIXES FROM TWO-VOWEL STRING WORDS

Strong Prefixes

ac
ad
al
con
dis
en

ex

in
mis .
out
sub
sun
trans

us

Weak Prefixes

a
be
cy
de
e
i

re

LOCKHEED MISSILES & SPACE COMPANY

Strong Suflixes

ful
land
ler
less
iet

ling

age
ah

al

ant
ar
ard
at

od

el
cn

ent

ly
lock
man
ment
mess

ward

Weak Sufiixes

in
ine
ing
ion
is
ish
ite
ive
O
ock
on
or
ot

OwW

N e
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con
uc
cr
um
el
ure
ic
us
ic
ier

ile

——




Table 1-3

SUFFIXES FROM MULTISY LLABLE WORDS

No. of Occurrences of

Preceding Suffix Following Given
Suffix Letter Strings Letter String
(t)ation c(t) 5
1(t) 6
n(t) 36
r{t) 5
able 11 8
nt 4
ial nn 8
nt 37
ate 11 6
nn 5
ist 11 4
nt 12
pt 4
ism 11 4
nt 5
ian 1i 4
nn 4
ium ng )
rd 4
ia ps 12
rd 4
nt 5
y rg 4
ps 4
rm 4
rr 36
st i9
X 13
ous 11 6
rm 6
rp 11
ide X 9
If
is ps 6
X 28
1-7
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l' oot

(as in plantation), it seemed reasonable to consider fation a strong suffix. Of the
thirteen newly defined suffixes, able, ial, ate, ist, ism, y, ous, ian, ium, ia, and ide,

are all commonly recognized as such, while only tation or ation and is are not.

It was expected that more than one two-vowel-string suffix would materialize.
Instead, a number of sequences were observed which appear to aci as inner suffixes,
or suffix compounding elements, which occur frequently in combination with one-
syllable suffixes. Thus, the scquence tic is frequently encountered followed by al, izc,

or ide to form tical, ticism, ticize, ticide as in elliptical, ascpticism, didacticism,

ascepticize, romanticize, and infanticide. Such interior sequences which meet the
occurrence criteria set up for suffixes arc listed in Table 1-4. It is expected that
these scquences will have little syntactic meaning but may be helpful in word hyphena-
tion techniques.

Table 1-5 shows the prefixes defined using four-, fivef, six-, and scven-vowel -
string words, with the following letter strings and occurrence counts which established

them as prefixes. The three newly defined strong two-syllable prefixes circum, inter,

and hyper are well known. Three other common prefixes, over, under, and super,
were encountered with a good many letter strings, but always [ailed to meet the requive-
ment of more than three occurrences with a given letter string.

Of the strong one-syllable prefixes defined, ab, at, ap, com, an, em, im, and cc
are recognized by dictionaries, while vul is not. Of the weak two-syllable prefixes,

auto, demo, iso, photo, z2pi, and tele, are commonly rccognized, but ana, apo, deni,

and irre* are not. None of the one-syliable weak prefixes (au, ca, hy, ma, mi, lu,
pro, sa, su, vi) are familiar as meaningful prefixes except for pro. Therefore, the

next step, in which the part of spe :ch implications of the structurally defined affixes

*irre is no doubt 1 combination of the recognized prefixes i and re.

1-8
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Table 1-4

ELEMENTS COMBINING WITH SUFFIXES

s

Suffix Terminal
Compounding Letter ' String No. of
Element Associated Occurrences
-cat~ re 9
nc 12
-mat- rm 22
mm 18
-pos - mnp 8
rp 6
-pat- Ip 6
TP 6
-sit- ns 8
rs 5
SSs H
-sat- ns 12
- s 5
ss 16
-tat- It 16
nt. 46
rt 11
~-tur - ct 0
el 19
nt. 8
-tic- ct 13
nt 7
pt 13
~tor- ct 33
nt 6
-ter- ct 8
ot 9
nt 8
pt 44
~tin- nt 6
r' 6
1-9
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Table 1-5

PREFIXES FROM MULTISYLLABLE WORDS

Weak Prefixes

No. of Occurr¢nces

Following Of Prefix Preceding
Prefix Letter String Given Letter String

ana cl 4
gl 6

apo cr 4
str 4

auto cr 4
gr 4

tr 4

deni gr 4
tr 8

demo cr 12
gr o

epi gr 12
sc 7

cl 4

irre fr 5
pr 7

tr 6

iso cr 4
tr 4

- photo gr 7
tr 4

tele gr 8
sc 6

au sC 6
str H

cH j 4
pr 4

8C 0

hy dr 85
gl )

ma er I8
J 9

tr 15
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Table 1-5 (Cont.)

No of Occurrences

Following of Prefix Preceding

Prefix Letter String | Given Letter String
mi cr 69
thr 4
pro gl G
pr 4
B2 or 8
pr )
su bl 6
pr 11
s¢ H
vi br 8
s$C H
tr 4

Strong Prefixes

,

| No. of Occurrences
Deflining of Prefix With Given
Prefix Letter String Letter String
at tm 15
ttr 11
ap ppl 15
ppr 40
an ndr 18
ngl Y
nh 6
nth 20
nthe 39
cm mbl 12
mbr 20
im by )
mpl 21
mpr 66
com mpl N
mpre 14
vul e 0
In 4
1-1l
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Tabic 1-5 (Cont.)

No. of Occurrences

Defining of Prefix With Given
Prefix Letter String Letter String
cc ce 4
cel 0
est 4
-
ob bj 19
bs 21
bsec 9
bst 6
hstr H
bt 6
ab hd 4
hn 7
bs 19
circum me )
mf 7
mr D
mscer 6
mst 10
mv 10
inter rel 5
r) 6
rpr 9
rsp 6
hyper rer +
rpl 4
rir 5
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arc investigated, will be especially interesting for this group. It is, in fact, the next
step, in which the various applications and implications of the structurally defined
affixes arc investigated, that the utility and thercfore the validity of these structural
definitions will be tested.

ACKNOWLEDGMENT: The author wishes to thank Dan L. Smith for writing many of
the computer programs used in deriving the affixes.
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2. PART-OIF-SPEECIH IMPLICATIONS OF AI'FIXES*

I.. I,.. Farl

In a highly inflected language, the structure of a word is indicative of its syntactic
role. A relationship between form and part-of-speech might also be expected in English,
a language not highly inflected but closely related to more inflected languages. Such a
relationship was noted by J. Dolby and H. Resnikoff1 who show that a high percentage
of a sct of words called "elementary words' (roughly equivalent to the sct of onc-syllable
words) can be used as nouns, adjectives, or verbs, while a high percentage of the
rcmaining multisyllable words can be used only as nouns or adjectives. If this rclation-
ship can be regarded as a gencral rule, and if subrules can be developed to cover the
considerable number of exceptions to the general.rule, it will be possible to identify
part-of-speech by algorithm. Intuitively, it would be expected that prefixes and sulfixes
are key structural elements; this expectation is reinforced by the structure of the
European languages whose beginnings and endings indicate the grammatical propertics
of words.

A logical step in an effort to classify words from their structure is to examine the
rclationship between the affixes of words and their part-of-speech possibilities as

listed in a dictionary. The part-of-speech information from The Shorter Oxford

0
Dictionary™ and {rom the Merriam Wcbster New International Dictionar_y3 was recorded
oa magnetic tape. A computer was used to correlate the affixes of words with their
part-of-speech possibilities. A total of 73,582 words was recorded, but, of course.

not all of these words coantain affixes.

*T'his work was supported in part by the Ottice of Naval Research: the computer time
was supported by the Independent Rescarch Program of Lockheed Missiles & Space
Company.
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The first problem cncountercd is that of selecting a list of affixes. Two scts of
affixes have been selected, the first being the operationally defined affixes derived from
dictionaries solely on graphemic evidence ,4’ 5 and the sccond being all "beginnings or

cndings" listed in A Dictionary of Modern English Usagg6 which were not already on the

first list. Both lists are given in Table 2-1. The inflectional suffixes ed and ing and
the adverbial ly were not considered in this study because they have well recognized
implicatione. It is believed thut the number of words ending in ed, ing, or ly whose
parts-cof-speech differ froni the expected is small enough <o that such words can he
listed as exceptions.

The second problem encouidered is that of determining when an affixing unit is
acting as an affix in a given word, as r¢ is a prefix in react but nou in read. This
problem is complicated by an uncertainty as to what the words prefix and suffix sigily.
It is difficult to determine from the definitions currently in use to what unit an alfix is
expected to attach (word, stem, or syllable), to what extent the function of an affix is
scmantic, and to what extent the afiix should indicate phonetic syllabic bounduries
(as pre indicates syllabic boundaries in prefix but not in preface). Since we hope to
usc aflixes in determining part-of-speech from form alone. we will use a formal
definition, For purposes of this study, an affix will be recognized as an 2ffix under
only two formal and reproducible conditions. First, the unit to which any aftlix attaches
must contain one or more vowel strings. Second, the unit to which any prefix attaches
must begin with an admissible initial consonant string, and the unit to which any suflis
attaches must end with an admissible terminal consonant <tring. The admissibic
initial and terminal strings, whose devivation is given in Reference 1, are histedan
Table 2-2. Relinements of these rules are possible, to praduce a closer correspond-

ence with any given delinition, but these criteria seom adegquate (or our purposes.
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Table 2-1

AFFIXES SELECTED FOR CORRELATION

Affixes Set I
Prefixes
a dis ob
ab ¢ out
ac cC photo
ad cm pro
al on re
an epi 8sa
ap ex sac
at hy sub
ana hyper  sun
ape i tele
auto im trans
be in un
ca necon uncon
circum inex Vi
com inter vul
con irre
cy lu
de ma
demo mi
deni mis
Affixes Set I
Prelixes
air for
avro fore
bi heeto
by homao
by non
brain para
co solf
conti somi
deca super
doci vice
demi yoster
2-3
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ae
al

as
cy
ox
our
o
o8t
ety
gonic
X

Sulfixcs
i ia lock
ah ic man
al ie ment
an in ness
ar is 0
at ial on
age fer or
ant e ot
ard ine Ow
atu ion ock
able ish tation
ee ism ue
¢l ist um
un ite us
er fum ure
ct ive ward
ey ler y
ent let
aon land
ful less
Sulfixes

isg ly

ist wlar

ity vilnnt

tev ways

ibic  worthy

fana

Lily

logy

iatey

phile

th
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Table 2-2

INITIAL AND TERMINAL STRINGS

ADMISGIBLE INITIAL CONSONANT STRINGS OF CVC WORDS

fASZDO=ROOW

N BL GL S11 TR SCH
P BR GN SK TW SCR
Q cH GR SL WH SHR
R CL KN SM WR SPI
S CR KR SN SP1LL
T DR PH SP SPR
\' DW PL 5Q STR
W FL PR ST TIHR
Z R RH Sw THW
GH SC TH

=

ADMISSIBLE FFINAL CONSONANT STRINGS
OF CVC WORDS NOT ENDING WITH E

B BB MpP Sil GHT
C - CH ND SK L.CH
D CK NG SM LPH
I CT NK SPp LTH
G DD NN SS MPH
H I NT ST MPT
K T NX TH NCH
L GG Pl TT NTIH
M GH PT WD NTZ
N GN RB WK RCH
P LD RC WL RSH
R LF RD WN RST
T LK RI XT RTH
w LL aK 27 SCH
X LM RL TCH
Z LP RM

LT RN

MB RP

MM RR

MN RT

2-4
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To corrclate the aflfixes in ‘T'able 2-1 with parts of speech, a4 computer program was
written to examine all double standard* words with two ér more vowel strings, It sorted
out all words that had an affix, that is, a beginning or ending that matched it member
of the affix list and met the established criteria. Each of these words had a part-of-
spcech** string given for it, that is, the list of parts-of-speech possible for that word.
Since the dictionarics.do not always agree, the stiring is taken as the parts-of-speech
that are associated with standard meanings of the word in cither dictionary. The
program associated the part-of-specch string of a given word with that word's prelix

or suffix. Up to nine different strings could be associated with an affix, For cach

affix, a count of the number of words with that affix was made for each encouniered

part-of-speech string, with the counts divided according to the number of syllables in
the words. The following example will help to clarify.

The result for the prefix inter is shown in Fig. 2-1. A 1 indicales presence in
the dictionary of the part-of -speech identified by the abbreviation at the head of the
column. Thus, the first linc of Fig. 2-1 indicates that the first part-of-speech siring
cnuuuntcréd in the words prefixed with inter was noun and verb, and that there were
23 total words with this part-of-specch string, onc of them a two-vowel-string word
and 22 of them three-vowel-string words. The next line shows that thcx‘c were three
total words with the string noun, adjcctive, and verb, onc of them a two-vowel-string
word and two of them threc-vowel-string words. This continues until the tenth line,

which indicates that more than nince part-ol-specech slrings had been encountered, at

*To avoid the cer:plication of considering archaic or little-used words, only words
having a standard meaning in both dictionaries were used.

**The parts of speech recorded on tape are as follows: noun (N), adjective (AJd), verb
(V), adverb (AV), preposition (PR), conjunction (CJ), pronoun (PN), intcrjection (14),
past verb (PV). The category other (OT) was used whenever the dictionary gave some
part of spcech other than the nine listed; OT comprises mainly participles and
collective nouns.

2-5
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which point the program terminated the examination of this affix. Note that the column
headed TOT shows the distribution according to part-of-specch of all words prefixed
with inter and the columns headed Nvs show the distribution according to part-of-spcech
of words with N vowel strings. The distribution according to vowel strings was
obtained because it had been noted that there was a general tendency for the percentage
cf noun-adjective words to incrcase with the number of syllables,

Study of the part-of-speech distributions of the words with affixes in Set 1 shows
that the words with a given affix have an average of eight or more part-of-speech
combinations associated with them, and, in generai, there is wide distribution of the
words among the different part-of-speech strings. In fact, the results indicate that
it will be impossible to assign a 100 percent unique part-of-speech string to a word
on the basis of its affixes. What should be possible is to establish an algorithm which
will be 95 percent correct in assigning an "inclusive" part-of-speech string, by which
we mean a string which will include all of the dictionary-assigned parts-of-specech,
but which may include some extraneous parts-of-speech.

Since, as already noted, the majority of multisyllable words can be uscd only as
nouns or adjectives, this will be the point of departure in deriving a part-of-speech
algorithra. All words which do not bchave as nouns, or adjectives, or nouns and
adjectives only arc to be considered exceptional, to be listed oc to be identificd as ex-
ceptional by examination of their affixes. The algorithm will be constructed to identily
the exceptions, leaving the rest to be given the basic assignment of noun-adjective lor
multisyllable words or noun-adjective-verb for one-syllable words.

Because they are manageably few, all adverbs not ending in ly, and all prepositions,
conjunctions, interjections, and irregular past tense verbs can be removed and put in a

special exception list. This leaves combinations of noun, adjective, verb, and "other”
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to deal with, where "other" comprises participial forms and collective nouns. Regular
forms of participles ~an be recognized by the inflectional endings ing or ed and irregular
forms of participles and collective nouns are few enougi: so that they can be added to the
exc .onlist. (So also can all words which end in ing or ed but are not participial forms.)

Seven possible part-of-speech combinations remain:

(1) noun N

(2) adjective AJ

(3) noun and adjective N-AJ
(4) verb VB

(5) noun and verb N-VB
) adjective and verb AJ-VB

(7) noun, adjective, and verb N-AJ-VB
Since most nouns can be used as adjectives, and since the AJ-VB combination is un-
common except for participles, which are alrcady taken care of, the seven combina-

tions can be reduced to four by merging 3 with 1, and 5 and 6 and 7, to give:

(1) noun and adjective NA
(2) adjective A
(3) verb vB
(4) verb and {noun and/or

adjective) NAVB

To put it another way, ‘thcrc are two large classes of multisyllable words, NA and NAVE,
which must be distinguished. In addition, the class AJ must be distinguished trom the
NA and the cluss VB from the NAVDB. Whenever these distinctions cannot he mivde with
85 perceat accuracy, assignments will be made to the inclusive set.,

The construction of the algorithm thus becomes quite simple, a matter ol studying
the distribution of the part-of-speech strings for coch atfix, ymoring any part-ol-speceh
other than noun, adjective, or verb, In accordance with the 93 percent criteria, an

affix for which 93 perceat of the words with that affix have a single part of speech, either

[
]
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AJ or VB, will be classified as ""adjectival” or "verbal," respectively, and the algorithm

will simply assign words cortaining such an affix to the AJ or the VB class instcad of

to the basic NA class. Affixes for which 95 percent of the words are nouns and/or

adjectives, but not verbs, may be considered as "necutral," since words containing them

behave as nouns and/or adjectives in accordance with the general rule. An affix, how-

ever, for which 5 percent of the words (and morc than 5 words) have a verb usage will

be classified "noun-verbal,” and words containing such an affix will be assigned to the

NAVB class. As already indicated, all words which do net contain an affix and which

are not in an exception list are classified as NA if multisyllabie and NAVB if onr syllable.
It must be realized that a good many ambiguities will be introduced by tas prgorithm,

For exanpic, {uv words prefixed with inter, 71 of the 211 words in our data sct have a

verbal usage, with further breakdown as follows:

noun and verb 23

noun adjective and verb 3 NAVB 27
adjective and verb 1 .

verb 44 VB 44

the correct inciusive part-of-speech for 71 words at the cost of introducing the extrancous
part-ol-speech VB to the 140 well-behaved NA words.  The situation 18 worse in the
ambiguity between the AJ and the NA classes. For example, adthough about 8 perveent of
words ending in the suffix ful are adjectives, 34 out of the total 169 have a noun usage,

so rather than take a 20 percent error of omission, ful is regavded as a neutral sullix

and an extra pari-of-specch has been introduced in 86 porcent of the words, By stretch-
ing a point, the sulfix lrss can bo considered adjectival, since it is 94 porcent adjectival,
but many other adjective-tending affixes encountered cannot (ic, 54 percent; able, 79 per-
cent, ish, 70 pereent; ial, 81 percent; us, 57 percent; mis, 61 percemt).

-9
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A part-of-specch implication of cither NAVB, VB, AJ. or neutral (i.c.. NA) has
been determined for all of the affixes. These implications ave listed in Table 2-3.
When there were fewer than five words with a given affix, no assignment was made.

The implications of the operational affixes and of the Dictionary of Modern English

Usage affixes break down statistically as follows;

Ogu ‘nlionﬂ glnglish Usage
Neutral 33 20
NAVEB 77 17
Ad 1 1
vB 0 1

In Table 2-3, some of the alfixes have star superseripts. These are alfixes with a
NAVB implication which in words of four or more syllables may be regarded as neutral,
since in the dictionary iherc were fewer than three 4- to 8-vowel-string words with
these affixes which possessed verbal usages. NAVB affixes which are neutral for 5~ to
8-vowel-string words were not considered because there are caly about 1, 250 of these,
while there are about 11, 250 4- to 8-vowel-string words.

There arc some words, of course, which have both prefix(es) and suffix(es).  As
the part-of-speech tabulations for suflixes were independent of prefixes, and vice versa,
there was u possability of a particalarly wftluential and common alflix introducing an
extra part-of-speech into the part-of-speech counts of other affixes.  For example,
supposce that all the words with the prefix "trans™ were always nouns exeept those

'and "translate.” Then

which ended in verbal suffixes such as er or ate as "transfer’
"trans' would be assigned the imphication NAVE when it should have been neuteal, To
test this possibilaly, the Set ] prelin counts were repested with all words having nonneatrai

suflixes omitted from the data set. However, the part-of- specch implication of il proe-

fines vemained the same.  Since none of the part-of-speech implications of e prefines

[ &
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changed, it was decided that it was unnecessary to test suffixes on a set from which
prefixed words had been removed.

Prefixes were chosen for the test because the suffixes seem to have a stronger
influence than prefixes in multi-aifixed words, as for example the neutral ism wir;s
over the NAVB ex in "exorcism," and the verbal ize wins over the neutral vul in
"vulcanize." Suffi:ies would thus cause much more of a pro. - .. 1+ the prefix counts
than prefixes in the suffix counts. The one easily noted exception to the rule of suffix
ascendancy is for such words as "automation' and "vulcanization.' in which the
neutral auto and vui seem to be ascendent over the NAVB ion. However, a considera~
tion of other words in which both prefix and suffix are NAVB, as in "demolition,"
construction, accession, etc., indicate that there is a group of important suffixes
beginning with t or s which faiied to show up in the operational definition of affixcs.
To test this hypothesis, these possible suffixes were subjected to the part-of-speech
tests for affixes with the following results:

Suffix POS Implication

tion Neutral
sion* NAVDB
tial Neutral
sial AJ

tive Neutrul
sive Neutral
tious AJ

Exumination of the suffix tious led to examination of the weak suffix possibility
ous, which, like tjous, turnoed out to have strongly adjectival implications. Undoubtedly,
these sulfixes do oxist and have strong part-of-speech connotations.  For the sake of
complotoness, they have been added to Tahle 2-3 as Set {il.

<-13
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Whather or not the usc of the part-of-speech implications reported in this paper
will be adequate to produce 95 percent accurate part-of-speech by algorithmic assign-
ment remains to be seen. They are, of course, guarantced to produce 95 percent
inclusive accuracy on words with listed affixes. It is not yct known hcw many non-
affixed words there are, nor how well they fit the general rules. Before compre-
hensive testing can take place, it may be necessary to develop more definitive rules

for determining when an affix is acting as an affix in a 5'ven word.

ACKNOWL:DGMENT: The author wishes to thank Dan L. Smith who wrote the

computer program referred to in this paper.
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3. ON THE INFLECTION OF WRITTEN ENGLISH ADJECTIVES

. L. Resnikoff and . L. Dolby

The part-oi-speech algorithm under development is predicated on the assumption
that it is possible to determine the parts of specch of English words without the use of
extensive dictionarics. But it s by ne means evident that the cight traditional pavts -
of-spcech classes*® are meaningful cficctions of the structural propertics of the
English language, and it must be supposed that they hav  relevance o English only
insolar as English bears a genctic relationship to Lat . However, the two languages
arc vastl s different in important respects, and there is, therefore, no real rcason to
believe that the Latin norms are meaninglful in the description of English.

The traditional definitions of the Engiish parts of speech do not help to allay the
suspicion thiat the parts-ol-speech classes are the product of the desive ol the carly

- . . . . re

English grammarians to {it Lnglish to the Latin mold.  Gleason has writtan,
English grammar is traditionally described in terms of ecight
parts of speech ... These cight classes are of quite diverse
character and vilidity. The familiar definitions overlap and
conflict, or are so vague as to be neariy inapplicable.  Some
parts of speech gather together a number ol not very obviously
related types of words.  In other cases, the line of demarcation
between parts of specch i sather arbitrary.

These views contrast sharply with thie sasic premise ol the Indexing Projest. The
Project 18 attempting to index texts by using o sentoence sdictionary, that s, a collection
of the distinet paris-of-speech sequences eccurt ng in Engion seatences, based on the

traditional parts-of-spocch classifications with vnly minor modificadons. [, indecd,

these classes are moaningloss, or of the assignmoent of Eaglish words to these clisses

*Noun, pronoun, agjective, verb, adverb, prepusition, conjunction; aml interjection.
**Page 92.
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is capricious, then it is not possible for the sentence dictionary to have much utility in
the solution of the indexing problem.
For this reasoen it is iraportant to show that the traditional parts-of-speech classes

do correspond closcly to structural propertics of English words. In fact, if a close

correspondence can be discovered, then it can be used to provide a structural definition
of the parts-of-speech classes, and this will have the virtue of ¢ssential agreement
with existing sources of data, e.g., dictionaries.

There are several distinct ways of illustrating structural propertics of parts-of-
specch classes. Onc way is to construct an algorithm that will generate the parts-ofl-
spcech class of a given word from Lhé graphemic shape of the word (together with
certain other structural information which is independent of the particular word under
cxamination, and without the use oi comprehensive dictionaries). It is not yet known
to what extent this is possibie, although certain progress has been made.  For instance,

. : 2
the multivewel-string words cnding with a are very uniformly nouns. The authors
showed that the sct of one-vowel-string words depleted by the "structure words' and
the -le suffixed words form a part-of-specch cutcgory: that is, almost all such words
belong to the category noun-adjective-vern. Results reported in the Hrst annual
1‘01)01‘t3 show that it is possible to construct a veosonably straighiforward algorithm
which will corrccily determine the parts-of-speech class of a random sample drawn
from a dictionary with an accuracy ol between 70 and 80 pereent on the standard words.
This is not very good in terms of an algorithm that can be used reliably as a component
in a functioning, utilitarian, English text processing system, However, it is strong
evidence that the traditional paris~of-speech classifications must indeed bear a close

relationship to the structural properties of English.

*Scction 7 and {oothote 22.
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It might be true that the algorithm reflects the structured assignment of parts of
speech but that parts of speech have nothing, or at best little, to do with the structure
of English. In other words, it might happen (although the authors believe this to be
farfetched) that the traditional classification is orderly but that the order is one
imposed by the early grammarians in some complicated way not realiy related to the
dircet properties of the language. If this possibility is admitted, it becomes of interest
to find some relationship between the parts-of-speech assignments and some clearly
significant structural property of English. In this papzr we will describe such a .
relation.

The traditional grammarian, George 'Curme, distinguishcs two types of comparison,

*

i.c., inflection, of adjcctlives in English.4
There arc two quite diflferent types of inflection employed
in comparing English adjcctives — the terminational and
the analytic
1. Termination type of comparison. In this type we add
to the positive -er to rorm the compurative and -est to
form the superlative: stroug, stronger, strongest. This
way of comparing adjectives was universal in Old £nglish,
but it is now confined to wsrds of one syllable and a large
nunber of words of two syllables, espcecially these in
-er, -le, -y, -ow, -some.. ..
2. Analytic wype of comparison. Ilere we put moxe
before the comparative and most before the superlative:
beautiful, more beautiful, most beautiful. Adjectives and

participles with more than two svllablcs regularlyjﬂgllow
this type, also many words with two syllables....°

Gleason defines adjectives as those words which are inflected using the terminational
type of comparison described by Curme; words occurring in the enviroaments in which
adjectives are found (but which compare) use the analytic type of comparison he calls

* ok
adjectives.l' Both types wili be referred to as adjectives in this paper.

*Sce Reference 4 for an extensive discussion of English verb inflection.
**Page 220, 104.B.
*«*xPages 92-93. There are also a small number of irregulariy inflecied adjectives.
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In Curme's descrix;tion quoted above, the number of syllables contained in the
adjective under examination is important in determining to which type of inflectional
paradigm it belongs. In the study of written English the notion of syllable, which is
phonological, is not preseni. It must be replaced by the number of admissibic vowel
strings contained in the word, according to the method developed in Reference 2. For
the present it will be enough if we approximate to that definiiion by counting the final
¢ in a2 word as a consonant, and then counting the number of remaining vowel strings
(i.e., the number ofkconnected seQuénces of vowels) in the word. Then Curme's
description states that terminational comparison of adjectives is reserved primarily
for one-vowel-string words and certain two~vowel-string words containing sclccted
suffixcs, whercas analytic comparison occurs for the rcmaini-ng adjectives.

Of particular interest afc the one-vowel -string adjectives. Contrary to Curme's
description, there are large numbers of one-vowel-string adjectives which inflect
analytically. It has alrzady becnwrcmarked that most onc-vowel-string words are
noun-adjective-verbs, and, hence, in particular they are adjectives. Almost any onc
of these words provides an illustration of analytic comparison for onc-vo.wcl—string
words. Thus: | |

charm , bloat . squint , vring , bound , flash , ctc.

That these words are compared analytically is not due to any hypothetical inability
to carry the comparative terminational suffixes. Each of the words given in illustia-
tion has a corresponding noun form with the suffix -cr dppcndcd, but in no casc is this
form the compafative of the word. Thus it would appear that Curme's description docs
not agree with the facts in any signilicant way, although his description is traditional.

The traditional description of comparison for one-vowel-string words is in gencral

disagreement with the facts. Nevertheless, it does contain a hidden kerncl of truth
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which leads to a rather startling structural relationship between certain classes of
words. It must be exactly this relationship to which the inadequately phrased tradi-
tional description is attempting to draw attention.

Suppose that the set of one-vowel-string words which do not end with the sbqucncc
consonant -le is denoted by W .* If a word has a standard usage as a traditional part

of speech, in Merriam-Webster's New International Dictionary, third edition, here-

inalter abbreviated "MW3," then it will ve called a standard noun, standard adjective,
standard verb, etc.
CLAIM: (1) The standard adjectives in W which are not standard adverbs

are inflected analytically, i.e., by using more and most.

(2) The standard adjectives in W which are also standard adverbs
are inflected terminationally, i.e., by using the squLxes -er
and -est.

Ih the following paragraphs we will substantiate this Claim. First, some remarks
are in order as to the meaning of the Claim, if indeed it is true. In view of the discus-
sion of the relation of the traditional parts-of--speech classes to structufal propertics
of English, the assertion takes on a special importance. The assertion is that the sct
of adjectives of a certain graphemically defined type (namely, those that belong to W)
can be partitioned into two classes — one containing the analytically inflected adjectives
and the other containiny the terminationally inflected adjectives — and that this partition
can be determined solely from the knowledge of the paris-of-speech classes to which
the adjcctives belong. Thus, a direct relationship between the traditional parts-of-
speecch classes and an easily observed structural property is asserted. This lends

weight to the traditional classification in a very impressive way.

*A more accurate restriction is this: W denotes the sct of clementary words, as
defined in Reference 2. In particular, almost all of the elementary words are one-
syllable words in our dialects, and converscly.
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The Claim must be generously interpreted. It would be false to asscrt that it has
no cxceptions; what is really meant is that the proportion of exceptions, and ¢ven the
particular properties of the exceptions, show them to constitute a maverick and rare
sect of words, which either belong to the nucleus of words with so many meanings or
such [requent usage that it is almost impossible to modify or destroy them, or that
they belong to the fringes of the current language and can be expected to fade out with
time.

Current English is in a state of rapid change. Many people object to many of the
changes which, they contend, debase the language. In particular, there has been

increasing use if not acceptance of such phrases as drive slow, run quick, fresh cut,

etc. The words slow, quick, {rcsh, etc., as adjectives, have the terminational

comparison:

slower , slowest , quicker , quickest , [resher , freshest , cte.

According to the Claim, the words should also be adverbs. If the Claim represents a

productive property of English, then such words as slow, quick, {resh, cte., must

either lose the terminational inflection as adjectives, or take on the part-of-speech -
adverb in addition to their other parts of specch. Evidently the latter is just what
occurs. But, in reality, these words are not assuming adverbial usage as a current
novelty; each of them has adverb meanings in older unabridged dictionaries such as the

Merriam-Webster 2nd edition.
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‘ We will now turn to the data. To check the hypothesis that the inflection of one-
vowel-string adjectives is a function of the adverb part-of-speech class, a random

sample was drawn from English Word Speculum, Vol. [.*

In a sample of 11, 200 words, randomly distributed, there were 110 one-vowel -
string words which had at least the parts-of-speech noun-adjective-verb and were
standard with respect to each of these ciasses. Since 111 is about 0.98 percent of
11,200, and since the Speculum I contains about 75,000 words, one can expect to find
about 760 words with these properties in a medium-size dictionary.

of thé 111 words, 95 had no adverbial usage, 13 were standard adverbs, and 3
were nonstandard adverbs. Thus, about 12 percent of the 111 words were standard
noun-adjective-verb-adverbs, and one would expect to find a total of about 90 such in
a medium-size dictionary.

Of the 95 words which did not have any adverbial usage, only 2 inflected the
adjectival form using terminational inflection, i.e., about 2 percent. This supports
the first part of the Claim, that standard adjectives which are not standard adverbs
are inflected analytically.

Of the 3 words that had nonstandafd adverbial usage, 2 had obsolete adverbial
usage, and 1 had dialectical adverbial usage. The obsolete word, follow the analytic
inflection, while the dialectical word foliows the terminational inflection. This is not
surprising, first because the obsolete forms may be already discarded from the current

language, and second because dialectal forms may be quite contemporary and popular,

*Reference 6 is the English Word Speculum, whosc several volumes are referred to
as Speculum [, Speculum II, etc. Speculum I contains more than 73, 000 distinct
words [the word list of the Shorter Oxford Dictionary (SOX)] together with part-of-
speech and status classes from both the SOX and the MW3, ordered in a statistically
random fashion. Speculum II contains an extracted word list from Speculum I together
with parts-of-speech and status information, organized so that all words with a fixed
nunber of vowel strings are brought together, and within 2ach of these classes, ihe

e words are forward alphabetized.
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and thus reflect the productive forms of the language. In this instance, the dialectal

adverb was black, with inflection blacker, blackest.

Of the 13 standard adverbs in the collection, 5 inflect analytically. This is about
38 percent of the total, and does not verify the sccond part of the Claim in any signifi-
cant way. But a sample of 13 words is too small to have any statistical signifigancc.
Furthermore, in attempting to analyze the adverb-adjectives that inflect analytically
we encounter a lexicographical problem which may prove to be decisive for the limited
collection of words which must be examined. Dictionaries typically indicate the termi-
national inflections of adjectives explicitly; when a terminational inflection is indicated
for an adjective, we may be quite certain that it does in iact exist in text samples.
However, if a terminational inflection is not explicitly indicated, this may be duc to
one of several causes: the adjective is inflected analy@ically; the lexicographer did not
work enough on the particular word; or there were a number of terminational inflections
for the adjective that appeared in the corpus, but this number was small and thercelore
discounted. In the last case, 6ric must worry about the smallness relative to the usage
of the word, which presents further complications. Therefore, in gencral, one can be
confident of the information explicitly given in dictionaries, but must be wary ol infor-
mation which can 6111y be inferred from the absence of explicit statements. For
example, we cannot be certain that the standard adjective-adverb dang does not have

the inflection danger, dangest, although thesc forms are not attested in MW3. But the

comparative form is quite unlikely, both because it coincides with a more common

word with very different meaaing, and aiso ! cause it is difficult to assign a compara-

tive to a word such as dang for semantic rcasons, although the superlative presents

neither of these problems.
This last example illustrates yet another difficulty associated with the determina-

tion of the analytically inflecting adjectives. There are certain adjectives which do
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not occur in the comparative or superlative. For these adjectives, the abscence of
cxplicit information about terminational inflections does not necessarily imply the
cxistence of analytic inflections; it may weli be that these adjectives cannot support
inflected forms for semantic or other reasons, or it may simply be that their fre-
quency of usage is so low that the inflected forms have not yet been observed. The
latter is probably true of dang, while the former secems to be a reasonable explanation
for the lack of terminational inflection for the adjective-adverb last; for the analytic

forms more last and most last do not appear likely.

The 13 standard ndverbs are listed in two columns. The left-hand column con-
tains thosc words with terminational inflection of the adjective: the right-hand column

contains those for which the inflections are not terminational.*

stiff pat
near dang
keen south
light last
dear , snap
cool

fine

dry

In the right-hand column, the words dang and last have already been discussed;

the geographical directions north, south, east, and west, all are exceptions to the

Claim (as are the ordinal numbers). It may be that terminational forms of pat remain
to be uncovered. If all these factorsr are taken into account, the second part of the
Claim may not be in great difficulty after all. But the sample is much too small to be
of guidance.

To study the second part of the Claim, we must have a larger collection of

adjective-adverbs belonging to the set W . To this end the standard one-vowel-string

*Once again we warn the reader that this does not imply that there are analytic
inflections for these words; there may be no observed inflections whatsoever.
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noun-adjective-verb-adverb words not ending with consonant -le have been collected
from Speculum II. These words, 97 in number, are listed in Table 3-1. Also listed
in Table 3-1 are the 5 words of this category that did end in consonant -le to give somc
indication of just what we are omitting {rom our collection.

Cf the 97 words in the collection, only 60 usc the terminational inflection of
adjectives; 37 have no such indication in the Merrian-Webster 2nd edition (these two
classes arc given explicitly in Table 3-1). This represents only about 60 percent
agrecment with the second part of the Claim, reflecting almost exactly the proportion
indicated by the small listed samplc of 13 standard adverbs. But now that this sub-
stantially larger and complete collection is available, it wiil be possible to analyze it
in a more dotailed fashion.

We have partitioned the set of 37 nonterminational words into two parts: the set
of words which are standard adjective-adverbs in both the SOX and the MW3, and the
sct of words that one of thesc sources indicates a nonstandard adjective or adverb
usage. Table 3-2 shows this classification. The no(a&ion following the words in the
sccond column indicates the nonstandard usage according to the following conventions.
the letters 8, ¢, r, d, and o occurring inside of parentheses reler to standard,
colloquial, rare, dialectical, und obsolecte usage, respectively. ‘The lour positions
within the parentheses refer, reading from left to right, to noun, adjective, verb, and
adverb usage, respectively. A period (.) in onc of the positions indicates that the
corresponding usage is not given in the source under considecation.  Each parentheses
is followed by cither the letter x , ¢ noting SOX, or the letter w, denoting MW,

Of the 13 words in the top purt of Tuble 3-2 the word bias containg an iradmissible
vowel string, and real.y should not appear in the corpus; however, it is the only such

word, and it may be simpler for the reader if it is included along with tho other words
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Table 3-1

STANDARD ONE-VOWEL-STRING NOUN-ADJECTIVE-VERB-ADVERBS
FROM SPECULUM 11(?)

Consonant -lv Words
double single tickle treble triple

Nonconsonant -le Words With
Terminational Adjectival Inflection

blind flat maan shrill spruce
chance flush piit slack square
clean foul prime sleck steep
clear fresh prompt slick stern
ciose full pure slight stiff
coid glib queer slow straiyght
cool grave quict small sweot
dry just right smart thin
faint keen rough smooth tough
fair lax sharp snug trim
fine loosc sheer sour irue
firm low short spare warm.

Nonconsonant -lc Words Without
Terminational Adjectival Inflection()

back dutch north side squab

bias cast part slant stick
bone flounce pi smash stump
chock front plumb snap third
dab home rear sncll west
damn jam rush sole

darn last scale splash

dog mock shoal splay

(2) The various parts of speech of these words are
standard in at least the SOX or MW and have no
other parts of specch.

(b) Note that this docs not imply the existence of
analytic adjectival inflection.
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Table 3-2
NONTERMINATIONALLY INFLECTLD WORDS FROM TABLE -1

Standard Adjective-Adverbs
in Both SOX and MW3

back north squab
bias part thirl
cast plumb west
home shoal

last slant

Nonstandard Adiective-Adverb Usage
in Either SOX or MW3

hone (888.)x rear (s8so)x
chock (s.88)wW rush (s.8.)x
dab (8.8.0w scitle  (8.8.)X
damn  (8.8.)X side  (sdso)x
darn (8.8.)Xx smash (8.8.)X
dog (888, )X shap  (8.8.)X
dutch  (888.)x and (ccss)w snell  (sssd)yw
flounce (8.8.)X sole  (ss8.)X
front  {8s88.)x splash (8. 88)x and (885, )w
jam (888.)x aml (8. 88)w splay  (s88.)w
mock  (rss.)x stick  {8.3.)x
pi (sd..)x ' stu ap (sss.)w

at this stage of the argument. It may be worth remarking that it is the only two-
syllable word in the collection (in our dialccts).

Tha Lottom part of Table 3-2 shows that the e {8 considerable disagreement
between the SOX and the MW3 with respect to the classification of adverbs, and to a
lesscr extent, of adjectives. It is ovident that the SOX is much more conservative,
i.e., has a highor frequency threshold for the admission of adverbial usage than toos
MW3. But i is also ovident that the SOX principles are in close accord with the
sccond part of our Claim. h |

It wo ugree that dictionaries are most reliable when several of them agree, thon

we will be urgod to discard the words in the right-hand column of Table 3-2 when
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examining the agreement with the Claim. If this is done,* then there remain 73 words
in the collection (including bias), of which only 13 do not have terminational inflection.
That is, the second part of the Claim is true for 82 percent of the words.

An cxamination of these 13 words which do not agree with the sccond part of the
Claim is fruitful. Thcse are thc words in the top part of Table 3-2. The three goo-
graphic directions east, north, and west appear,®* and the ordinal third also appcars.
It is evidently impossible for ordinals to have comparative or supcrlative inflections
lor semantic rcasons: thc most third is no better than the thirdest. Similar remarks

apply, but based on more personal evaluations, for the words home and last, and

perhaps for some of the others as well.

Thus it may be that, aficr semantic considerations have been accounted for, the
agreement with the sccond part of the Claim will be in the 90 percent range. Duc to
the difficulties inherent in obtaining adequate and complete information to test the
Claim, such g level of agreement would be impressive.  For the present, however,
we will have 1o satisfy ourselves with the weaker 82 percent agreerent.

The relationship between terminationally inflected adjectives and advurbs can be
uscd in the determination of the paits of apeech of certain two-vowel -string words.
Both the comparative and the supcrlative of such adjectives are two-vowel-gtring words
(becausc tho words discusevs above were all, with the exception of the excludable
word Lbiag, onc-vowel-string words). But the comparative suffix, -cr, coincides with

a suffix with a quite difierent structural rele, and therelore can be confused with

*W¢ really should climinate those words in Tablc 3-1 which do have teeminational
adjectival inflection but are not standawd adjoctives and adverbs in both SOX and MW3:
but we have not actually doae this. It seems that the results would not be much dil-
foerent, although the expenditure of clfort would be consideralle.

**Thw reader will recall that Speculum [ containg only those words whoso mirts of
spooch are inciuded among noun, adjective, vert, and adverd. Tae word soulh hus
ther parts of speech, and therelore does not appear in Table 3-1 or Table 3-2; the
samoe is true of dang, which apgeared in the random sampie discussed.
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| the lattep. It is clear that the comparatives of adjectives are themscives adjectives,
and dictiona‘riqs often tgke thié fact for g:antéd and do not explicitly indicate‘that_ a
givén word ~i,s the compafative’ form of an adjective. For example, the words cooler
~and fuller are both listed as.nouns i)ut not as adjectives in both SOX and MW3. Clearly,
the dictionary user is supposed to recognize that theée are, in addition to noun (and
perhapsistﬂl other) ushge words, co’mparativgs of adj-ectivesi. This being the case, it
is nedessary fdr é parts-ofJSpee(_:h prediéting ali;orithm to distinguish those -er forms
which are not c;)mparatiVes‘fr(-)m those that ‘ax;e. |

'1‘Ziis can be achieved in the following way ‘Only those one-vowel-string words
~ that are adverbs as well as adjeétives compare using,termihational inflection; we will
assume, in agreement u_'itfh the second -pdrt of the Claim, that all such words docom- -
pare in tliis; way.n Then a two-vowel-string word ending with _-_(._r can be expected to be:‘
the comparative of an adjrective, say A.., if the word is of the-form Acr and il A is
both an adjective and an adverb. As we haﬂe seen, the collection of all one-vowei-
strifxg‘adjective-adverbs is not larg'e;* hénce, tr'hes‘en can be stAored in a dictionary in a
parts -of-speech-predicting algorithm.

In illustration, consider the forms cooler and _f_l_ll_lgi dizcusscd above. '—I‘hey are
of the form Aer with A standingfor cool and full réspectivcly, both of which are
adjective-adverbs in the one-vowel-siring word élass. Hence, both cooler and fuller
are comparatives of adjectives (hence are adjectives) in addition to any other parts of

speech properties they may have.

*Note that Table 3-1 does not contiin all one~vowel-string adjective-adverbs, but
cather only those that are aiso noun-verbs, and such that all four ot thuse parts-of-
spoech categories are stundard for the words involved, and such that no othor purts-
of-speech classes occur. But theso restrictions do not diminish the size of the class
by a large factor due to the iact that the one-vowel-siring v.ords esscntially forin a
parts-of-spcech category, namely, noun-adjective-verb-adverb.
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In the general application of the procedure just outlined, it will sometimes be

necessary to take into accouat algorithmic spelling changes. For example, the

adjective-adverb dry compares as drier and driest, the y changing to i. Similar

consistent changes are des.ribed in Reference 4, and will not be further discussed
here. |
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4. AUTOMATIC DETERMINATION OF PARTS OF SPEECH OF ENGLISH WORDS

L. L. Earl

INTRODUCTION

This paper describes the development and details of a procedure for automatically
assigning part-of—-speeéh characteristics to English words, largely from graphemic
considerations. Tﬁe development of the algorithm began with the observation of Dolby
and Resnikoﬂ'1 that the parts-of-specch associated with one-syllable words are frcquentl)-l
noun (or noun and adjcctive) and verb, while the parts of speech associated with multi-
syllable words are usually noun and adjective only. Developm'eht of a working part-
6f—speech alg‘orﬂlm required the study of exceptions to this general rule so that
analytical subrules and exception lists sufficient to automatically identify all such
exceptions could be derived. Two avenues for the isolation and study of exccptions
were utilized: | |

(1) Exhaustive sorts of a 73, 582 word dictionary on magnetic tape were used o
scparate and classify words consistent with the general rule from those that
were nhot.

(/2) Analysis of possible part-of-spcech implications of affixes was carried out,
by computer, on the same dictionary.

The resulting algorithm developed utilizes a prepared dictionary of less than 800 words

and an affix list of less than 200 encries.
PARTS OF SPEECH USED, AND TIIEIR ABUBREVIATIONS
Tho tape dicticnary used for both analyses contained 73, 582 words, with parti-of-

specch and word status information from The Shorter Oxford Dicuonan2 and the
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Merriam Webster New Interi.ational Dictionary.3 The tape dictionary is reliable in

moét pespectg, since it Was made from punched cards transcribed directly from the
dictionaries,:vcrified by different persormel, rad spot chacked periodically during the
procéss. Nevertheless, errors did occur, particularly in the 1ecording of- part;of-
speech infor‘mation which was not always imderstood by the keypunchers. The pafts

of speech recorded are as followé:

noun N adverb AV pronour PN
adjective AJ prepositicn PR interjection IJ
verb - VB conjunction CJ -~ pastverb - PV

Iﬁ addition, the category "other" (OT) was used whenever the dictionary gave some part
of speech other than the nine listed above. OT comprises mainly participles, numerals,
articles, and collective nouns. The algorithm was designed tb assigim these same nine
parts of speech (excluding OT) with the addition of four more whicﬂ were unfortunately
subsumed under OT: present participle (PA), past participle (PP), auxiliary verb (AX),
and plural of collective noun (NP). The category noun was changed to the category
noun-adjective (NA) on the grounds that nearly all nouns can act as adjectives under
some circumstances; therefore, although we will try to distinguish AJ from NA, we
will not try to distinguish N from NA. Collective nouns will be assigned the string NA
and NP to show possible use with either singular or plural verbs.4 Although a dictionary
may show additional or fewer parts of specch for participial forms, their use (or lack
of use) as nouns, adjoctives, ot verbs will be considered here as implicit in the parti-
ciple assignment, and no attempt will be mado to distinguish them. Thus, prosent
participles will implicitly be prssible nouns, adjectives, or in a verb phrase, and past
participles will implicitly be adjectives, past vorbs, or in a vorb phrase. An attompt
will be made to identily participles which have any other special usages, and lo identily

irregular past tense and past participial formas.
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~ DESIGN PLAN

In the design of a bkart-of-spe'ech algorithm, a goal of 95 percent acc‘u‘racy‘"was set.

To begin with, three basic rules were postulated:

Rule A:

Rule B:

Rule C:

The part-of-speech string assoéiat‘ed With a word contaiaing only one
.vowel string in its kernel will be NA — VB, where a kernel will be defined
as a word stripped of its affixes. Similarly, the part-of-speech string
associated with words with multivewel string _kernels will be NA.

The part-of-speech string associaiedw\ith a we rd ending in ed will be PP,

and with a word ending in ing will be PA. All PP will also be considered

PV. A NA classification will be changed to NP for all words ending in
single s.

The part-of-speech string associated with a word ending in iy will be

AJ - AV.

Rule A is basica.lly a refinement of the original Dolby~-Resnikoff hypothesis and depends

on the Dolby-Resnikoff definition of a legal vowel string. It also depends on the exist-

ence of an operational definition of affixes.”’ 6 Rules B and C are a recognition of the

most consistently used and meaningful suffixes of English.

Design of the algorithm was conceived of as requiring throe steps:

Task 1:
Task 2:

Task 3:

Tabm‘nubn of tho oxceptions to Rules B and C

Tabulation of special-purpose words, with part-of-speoch PR, CJ, PN.
or IJ, which are not covered by Rules A, B, or C.

Modification of Rule A as much as necessary o achieve 93 percont
accuracy, using a study of alfixes, or tabulation of exceptions, or both,

as 4 means to this end.
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The ﬁrét two tasks will be discussed first, and then the considerably more involved Q A

Task 3 wﬂ}_be‘ summarized. The first two tasks could be accomplished by sorting the |

' -d'lct'ionary on magnetic tape, &s mentioned in the'int‘roduction, although it may be of

interest that not all df the data handling necessary could be accomplished with a

genoralized sort routiﬁe. 7094 SORT was used,r but special-ipurpose routines were

“also developed.

DICTIONARY STUDIES -

Task 1: Exceptions to Rules B and C

For Tasks 1 and 2 the tape dictionary eatries were divided into 2 categorics,

thosc with parts of speech ‘(POS) limited to NA, AJ, VB or AV and those having at

‘lcast one part of speech other than NA, AJ, VB or AV. To find the exceptions to

Rule B, the entries in the second category were separated into two lists.

List‘ 1: Words ending in ed, ing, or single 8.

List 2: Words not ending in ed, ing, or single 8.
According to Rule B, all words in List 1 should be categorized as OT and all those in
List 2 should not be. Exceptions to ltuic B arising from Lisﬁ 1 are in Table 4-1 and
those arising from List 2 are in Table 4-2. Only words in standard usage are shuwn
in any of the tables. There were nnly 18 words in the excoptions avising from List 1,
and these are all shown in Table 4-1. This list of 18 words does nut comprise all the
words ending in ed, ing, or s which are not categorized as OT, as there are many
more of these in the NA, AJ, VB category, also. Fortunately most such category |
words noed not be considered. Words ending in ing neod not be considered because
their actual parts of speech (usually NA, as for pudding) are subsumed under e
participle heading: classifying them as present particpies will be correet from the
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Table 4-1

EXCEPTION WORDS ENDING IN s, ed, OR ing

From Category I

aliped NA
atlas NA
biped NA
bonus " NA
callus NA
canvas NA
‘caucus NA
census NA
childbed NA
- chorus ~ NA
circus : NA
debarras vB
debus VB
disfoliaged NA
embarras vB
embed .NA
embus v
exceed vh
fissiped NA
focus NA
gossipied NA
hocus NA
hotbed NA
hundred NA
interbed NA
lobsided NA
milliped NA
misdecd NA
mohammed NA
monied NA
Lo NA
palmiped NA
pinniped NA
quadiruped NA
rebus "NA
sacred AJ
- soliped NA
thoroughbred NA
vartabed NA
watershed NA

VB

\'2:%

VB
VB
VB
VB
VB
VB
VB

VB

VB
vB

VB

vB

4-5

From Cb.tegggx I1

across
alas
anything
besides
bring
Ccross
during
hoicks
minus
nothing
plus
something
theirs
this
unless
various
wherens
whing

AJ AV PR

f

N(A) AV PN
CJ PN
N(A) VB 1J
NA YB AV PR
PR

VB I

NA AV PR
N(A) AV PN
NA VB AV PR
NA VI PN AV
PN

N' VB AJ PN
NA) PR CJ
AJ PN

N(A) CJ

N(A) VB IJ

ER IR Sary

ot

-
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Irregular Participle and Part Tense Veris

bet
beaten
begotten
bidden
bitten
blown
blent
blest

drawa

NA
PP
PV
PV
PP
NA
PP
PP
NA
NA
AJ
Ad
Ad
PP
NA
PV
LY
PP
NA
NA
NA
NA

vB PP

PP
PP

PP

vB PP
VB PP
PV PP
PV PP
vB PP

VB PP

PP
PP

Table 4-2

drew
drunken
driven
felt
flown
flew
fought
fraught
frozen
gilt
given
gone
got
grourd
grit
grew
graven
had
held
hewn
hidden
hung
Knit
known
lay

in

felt
lent
made
met -
meant
might
misgeiton
mown
molten
ougit
paid

EXCEPTION WORDS DERIVED FROM LIST .II

PV PP
PP
pPp
NA VB
ARBSENT
NA PP
PP
AJ PP
pp
NA PP
rp
NA PP
PP
NA VB
NA VR
Py pp
PV pp
PV PP
PP
pi‘)
i i
ve PV
NA VB
NA PP
NA VB
NA VB
NA VR
pp
AJ PP
NA PP
Py

NA BV

PV PP
PV PP
PP

NA- VB
Ad PP

pPv pp

PV PP
PP

PP
PP

pp
e
PP

pp

AV PX PP




Table 4-2 (Cont. )

Irregular Participle and Past Tense Verbs

pent NA PP spiit N.. VB PP
put NA VB PV PP spent v pp

gt NA VB PP spoken rp

rang ve stole NA VB PV PP
read NA VB VP PP strung PP

reft NA PP stung pp

rent NA VB PP stricken pv ppP

rung NA PP stolen NA PP

run NA VB PP sung B &4 4

sald AJ PP sunk ‘ AJ PP

3aw NA VB PP sunken B L

sewn PV PP swam 2P s
sent NA PP sworn pp

should AJ AX swollen pp

shod AV 1P takght Ad PV PP
shone Py pp thrown Ad PP

shrunk pp thought pv PP

shook NA VB PP threw PP _
shorn NA PV PP thrust NA VB PV PP
shot NA VB PP told pp

shaken rp torn PV pp

shapen rp trodden rp

shotten Pp went PP

shimon pp were Y

riven re wet NA VB AV PP
slunk NA PP widen PV PP

aiit NA VB PP woke Y pp

slew NA VB PP worn rp

smelt NA VB PP _ © - would NA AX

sought e ’ wound NA VB PV PP
poutlen Al VB PV PP wove NA PP

spoke NA VR PP WOWER pv pp

spromd NA VB PV PP written PV PP

Bprung pp wrought Ad PP

Spun PP wrung PP




Table 4-2 (Cont.)

Irregular Plural or Collective Nowns

apache NA NP marabou NA NP
cattle NA VB NP maxima NP
carp NA VB NP mice NP
caribou NA NP . milanese NA NP
chinook NP men NP
] cherubim NA NP | pence’ NP
dice NA VB NP peoyple NA VB NP
i couple NA VB NP perch NA VB NP
1 crane NA VB NP pike NA VB NP
: crustacea NP poultry NA NP
‘ cutlery NA NP regalia NA NP
data NP rice NA VB NP
; dicta NP roc NA NP
fish NA VB NP scereta NA NP
foe NA NP seraphim NA NP
; fulera NA NP : sheep NA VI3 NP
game NA VB NP snipe NA VB NP
geesc NP sperm NA NP
( genera NP spawn NA VB NP
; grouse NA VB NP spoor NA VI3 NP
: help , NA NP 1IJ VB squid NA VB NP
hosiery NA NP steer ~NA VB NP
ice NA VB NP strata NP
ingesta NP A starfish NA NP
irish NA AJ NP swine NP
japanese NA NP tripe NA NP
lice NP tuna NA NP
like NA VB AV PR CJ NP viscua NP
lynx NA NP young NA NP
4-8
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point of view of an "inclusive" part-of-speech. DBy an ';inclusivc" part-of-spece’.
string is meant that string which is sur~ to contain all the parts of spcech attributed
to the word by either dictionary, but which may also contain one more or, rarely, |
two more parts of speech. Since use of inclusive bart of speech beccomes nccessary
in Task 3, its justification will be discusscd when Task 3 is taken up. Words ending
in ¢d which are not OT but are either AJ or VP will similarly be correct from an
inclusive part-of~speech viewpoint. lowever, some non-past-participles cnding

in cd are NA. Some of these can be identified by the use of suifixes, to be discussed
later. All others are given in Tablec 4-1. Most words ending in ginglc 8 will have the
correct inclusive pari-of-speech assigned by the Rule B — Rule A combination; all
cxceptions are also given in Table 4-1. Table 4-1 thus contains all the necessary
exception words ending in s, ing, or ed.

Table 4-2 shows purticiples, post tense verbs, and plural or collective nouns
which cannot be racognized from s ing, or cd endings. It is a subjective list derived
from the 1,380 or sé entries in List II which had OT designations. To make automatic
determination of part of speech substantially faster than dictionary lookup, the excep-
tion lists were kept as small as possible. The 1,380 entries in List II with OT desig-
nations include numerals, obscure collective nouns (e.g., herb, scrub), words which
bucome collective only when s is added (e. ., goriatric), and some errors in judgement
by the keynuncher as well. [t is believed that this list can safely be reduced to tho
words shown in Table 4-2 without dropping below the goal of 95 percont accuracy- All
ot the irrcgular particples and past tense verbs have been retalned, but only a partial
list of collective .iouns has been included.

Excoptions 10 Rule C wero found by extcacting [irom the entire diclionary all words

which, though ending in ly, werce not adverbe, or conversoly, though not eading in ly,
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were adverbs. Contrary to expectations, there were a large number of such words
(slightly over 1,500). Many of these words were judged rare, or rare in tae usage in
question (e.g., dog-fly as NA, or dash, pi; rife, smell, thistle, as AV); others could
be p;'edicted by an extension of the aifix lists, to be discussed later. In accordance
with the philosophy of maintaining a rclatively short exception iist without sacrificing
too much aceuracy, this list of 1, 500 words hus been reduced to a list of 3567 of the
common words which are exceptions to Rule C, as shown in Table 4-3.
Task 2: Tabulation of Spccial ~-Purpose Words Which are not Covered by Rules A,
B, or C.

For Task 2, List II was again uscd. 'T'o review, List U contuins all the words
which

¢ llavc at least one standard meaning corresponding 16 & part of sneech other

than NA, VB, AJ, or AV {the parts of specen assigned by Rules A, B, C)
o Have all "irregular" entries rcinoved {fragments, ctc.'
e Have all words cnding in ¢d, inyg, or 5 removed (the suffixes covered by
Rule B)

By extracting {rom List Il all words with standard meining covresponding to a
part of speech PR, CJ, IJ, or PN we slould get an exnaustive iist of those structural,
special ~purpose words which ar> so important in a mechanized handling of English.,

Table 4-4 shows the 249 function words so exirascted, No'e that Fig. 4-1  lisws
the 18 function wurds ending in s or ing. Because of a ditficulty in sorting, certain
OT words (27) which are irregular adverbs and collective rouns are incouide ! in this
group, although they should appear in Fig. 4-3 iestewd.  Because of a misunder-tanding
Ly keypunchers in the original creation of the dictionary, some important pronouns were
noi so classified in the Morriam Webster part-of-specch desiguations aml are therefore
missing rom the et (I, your, his, we them, our, us, thelr they). The woird ax has
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Table 4-3

COMMON EXCEPTION WORDS TO RULE C

Word POs
backhand N AJ V AV
bare-backed AJ AV
bare-headed AJ AV
hetween-whiles N AV
co-ally N
ecock-sure AJ AV
counter-clockwise Ad AV
counter-current N AJ AV
Criss-crosg N AJ V AV
cross-country N Ad AV
cross~grained Ad AV
double-quick N AJ V AV
free-hand N AJ AV
sod-damn N AJ V AV
nail-and-half N AJ AV
half-way N AJ AV
happy -go-lucky N AJ AV
harum-scarum N Ad AV
now-a-days N AJ AV
off{-hand Ad AV
oft-times AV
old-Iashiored N AJ AV
over-hard Ad AV
over-long AJ AV
over-supply NV
point-blank N AJ AV
post-haste N AJ AV
pot-belly N
right-handed AJ AV
rough-and-tumble N AJ AV
sccond-class N AJ AV
side-saddle N VAV
single -handed AJ AV
sky -high AJ AV
so-anl-so N AJ AV
topuy -turvy N AJ V AV
under-arm AJ AV
up-country N AJ AV
up-grade N V AV
up-stream AJ AV
up-wind N Al VAV
alt N AJ AV
back N AV AV
bad N AJ AV
blind N AJ ¥V AV

P , 'M" - - o———

Word

P

hroad
cheap
clean
damn
double
cast
faint
fair
false
fine
flat
flush
forte
foul
free
[resh
front
full
hard
hence
here
hevnne
hon.e
itl
just
keen
large
1ast
late
lax
least
long
loose
loud
low
mayhe
menn
much
necds
new
nope
north
orld
oft
old

- P - *.—w' R

1POS

N AJ AV
N AJ AV
N Ad
N AJ
N [\J
N Ad
N AJ
N Ad
Ad AV
N AJ
N AJ
N AJ
N AJ
N AJ V AV
Ad V AV

N AJ V AV
N AJ V AV
N AJ V AV
N AJ AV
AV

N AJ AV
AV

N AJ V AV
N AJ AV

N AJ V AV
N AJ V AV
N AJ AV

N AJ V AV
AJ AV

N AJ V AV
N AJ AV

N AJ V AV
N AJ V AV
AJ AV

N AV OAY
N Ad AV

N AJ V AV
N A AV
AV

N AT AV

N AV

N AL VAV
N Al AV
AV

N AJ AV
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Word

part
pat
prompt
queesr
quick
quite
real
right
sic
snug
soon
sour
square
straight
thence
twice
west
worse
wronyg
yea
yep
yes
ablaze
adrift
afield
aground
ajar
akin
alias
alike
alive
almost
alone
sdoud
alwavs
AMuk
andante
apart
apicee
aripght
askew
astray
away
awiul
awhile

Table 4-3 (Cont.)

POS

AJ V AV
AJ V AV
Al V AV
AJ V AV
AJ V AV
AV

AJ AV

EZZZZZZZZZZ

2oL 2
“z
<
>
<

Al AV
N AJ V AV
N AJ AV
N AJ V AV
N AV
AV
N V AV
AJ AV
AJ AV
AJ AV
AdJ AV
AJ AV
AJ AV
N AV
AJ AV
AJ AV
Ad AV
AJ AV
AV
AV
N Al AV
N Al AV
Ad V AV
AV
AV
Ad AV
Ad AV
Ad AV
AJ AV
AV

C —— ———— . o

Word

broadeast
broadside
broadway
complete
costly
counter
curly
direct
dirty
doily
doubtless
earthly
even
ever
jarther
farthest
further
furthest
galore
pratis
gully
hearty
heaven
hercin
hereof
higher
highest
hilly

heil ‘.V

holy
imply
indeed
indoor
sinloors
jelly

july

larga
later
Latest
lengthways
lento
lesser
lily
tongways
lower

108
N AJ V AV
N AJ V AV
N AJ AV
Al V AV
Ad
N AJ V AV
AJ
N AJ V AV
AJ V AV
N
A AV
Ad
N AJ V AV
AV
AJ V AV
AJ AV
Ad V AV
Ad AV
N AJ AV
AJ AV
NV
N AJ AV
N AJ V AV
AV
AV
N AJ AV
N AJ AV
Ad
N 1\J
N AJ
AY
AJ AV
AV
NV
N
N AT AY
N Al AV
N Al AV
AV
Ad AV
Ad AV
N AJ
N AV
N AV AV
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Word

lowest
matchless
measly
merry
middling
midstream
mighty
molly
never
nohow
noways
offshore
olfsice
olten
oncn
outhoard
outright
perchance
nerforce
perhaps
piano
plenty
pronto
proper
sally
ready
reckless
reply
restless
reverse
sally
sealy
scldom
sheepish
slantways
slantwise
smelly
sooney
speedy
starboard
steadiast
steady
sudden
sully
tally

e

Table 4-3 (Cont.)

Pos

N AJ AV
Ad AV
Ad

N Al AV
N AJ AV
N AV

N Al AV
N
AV

AV

AV

Ad AV

N AJ AV
AV

N AJ V AV
N AJ AV
Ad AV

AV

N AJ AV
N AV

N AJ AV
N AJ AV
AV

N AJ AV
NV

N AJ V AY
AdJ AV

NV

N AJ AV
N AJ V AV
NV

AJ

AJ AV

AJ AV

AV

AJ AV

AJ

N AV

AJ AV

N Al VAV
AJ AV

Al V AV
AJ AV

A A A4

v
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Word

thereat
therecof
threefold
tidy
topside
twolold
upright
very
vivace
weary
wellnigh
whereat
whercin
whercof
vhereon
wily
abundant
adagio
atlutter
afterward
afterwards
aglitter
akimbo
alibi
alongshore
already
amidships
anywhere
apriori
barchack
barefoot
butterfly
carcless
cowardly
crescemndo
clsewhere
evermore
extempore
Lalsetto
tamily
forehand
{oremost
forever
forzando
iurthermore

T ————— *” " "

1POS

AV

AV

AJ AV
N Al V AV
N AJ AV
N AJ AV
N AdJ V AV
N AJ AV
Ad AV
AJ V AV
AV

AV

AV

AV

AV

AdJ

AJ AV

N AJ AV
Ad AV

N AV

N AV

AJ AV
Ad AV

N V AV
N AJ AV
AV

AJ AV

N AV

N Al AV
AJ AV
AAY

N AV
N AJ AV
AV

N AJ VAV
AV

AV

A AV

N Al AV
N Al

N Al AV
A AY

N AV

Ad AV
AV




Word

henceforth
hereabout
hereafter
hereby
hitherto
homily
however
howsoever
hundredfold
impromptu
inasmuch
innuendo
insomuch
legato
lentamente
lifelong
manywiys
miserly
nevermore
nincfold
out¢rmost
overboard
overhand
overhead
ove sland
overnigiit
overtime
piccemeal
scvenfold
storzando
sforzito
sideway
sideways
sixtyfold
somehow
sometime
ROIMCEWay
somewhore
staceato
siraghtaway
thenceforth
thereaboul
theveabouts
therealter
theveby

Table 4-3 (Cont.)

POS

AV

AV

N AV

AV

AJ AV

N

AV

AV

N AJ AV
N AJ V AV
AV

N V AV
AV

N AJ AV
Ad AV

AJ AV

AV

Ad

AV

N AdJ AV
AJ AV

AV

N AJ V AV
N AJ AV
N AJ AV
N AJ V AV
N AJ V AV
N AJ V AV
AJ AV

N AJ AV
AJ AV

N AJ AV
Ad AV

N AJ AV
AV

AJ AV

AV

N AV

N A VAV
N AJ AV
AV

AV

AV

AV

AV
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Word

therefore
thereto
thercupon
thous.ndfold
twelvelold
unawire
underground
underhand
ungadly
unholy
unruly
unsightly
unworldly
uppermost
upriver
verbatim
whercabout
whereby
whercelore
whercupon
vholesale
yvesterday
altogether
heforehind
contriariwise
everyway
cverywhere
fortissimo
hencetorward
heretofore
incognito
maliapropos
melancholy
moderato
maonopoly
nevertheless
oftentimes
planissimo
pizzicato
prestissimo
somet:mes
thenveforward
unawares
unac rhanted

POS

N AV

AV

AV

N AJ AV
AJ AV

Ad AV

N AdJ AV
N AJ V AV
Ad

N Ad

AJ

AJ

AJ

AJ AV

AJ AV

N AJ AV
N AV

AV

N AV

AV

N AV AV
N AS AV
N AJ AV
Ad AV

AJ AV
AV

N AV

N AJ AV
AV

N OAJ AV
N A AV
NCOAJT AV
N OAJ

Ad AT

N

AV

AV

NOAT AV
N A AV
N AJ AV
'Y

AV

AV

Ad AV
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Table 4-4
SPECIAL-FUNCTION WORDS

Word POS

he NAJ VPN
sheo N AJ PN OT
the AdJ AV OT

me N PN

a N AJ VPROT
dead N AJ AVOT
mid N AJ AV PR
bold N AJ AV OT
and N AV CJ
beyond N AV PR
round N AJ VAV PR
thud NVAVL
whence N AV CJ
since AV PR CJ
once N AJ AV CJ
bounce NVAV

jee NAV U
strange  AJ AV )

like NAJ VAV PR CJ OT
while NVCS

vile AJ AV OT
sane N AJ AV PN
somge AJ AV PN CT
thine PN OT

mine N AJ V PN
one NAJVEPENOT
nong N AV PX OT
prone NAJ AV OT
wWOQe NAV IS OT
ere N AV PR CJ
there N AJ AV PN
where N AV CJ PN
maugre AV PR

fore NAAV PR Y
more N AJ AV PN
wWise N Al VAV OT
whose AJ PN OT
ante NV AV PR
Suve NV PR
bove AV PR

aye NAV L

off N AJ VAV PR

4-15

Word

if
sulf
of
stag
dang
whang
cach
which
rich
such
nigh
though
through
plash
swasn
swish
with
both
south
crock
stock
rank
plunk
whisk
all
teil
well
till
still
him
whom
from
cum
than
boen
then
whaon
in
lain
on
con
down

POS
NCJ

N AJ VPN

N PROT

N AJ VAV OT
N AJ VAV OT
NVAVOT

+/dJ AV PN

AJ PN

N AJ AV

AJ AV PN

N AJ VAV PR
AV CJ

N AJ AV PR
NVAVL
NAJVAV U
NAIJVAV I
N AV PR

N AJ AV CJ PN

N AJ.V AV PR
NAJ VAV L
N AJ V AV OT
N AJ V AV OT
NVAV I
NVAVL

N AJ AV PX OT
N VAV bV

N AJ VAV OT
N VPR CJ
NAJVAVCY
N PN

PN

PR

Ad AV PR
PRCJ

PV

N AL AV G

N AV CJ PN

N A VAV PR
PV

N AJ AV PR
NAJ VAV PR
N AJ VAV PR
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sSwaep
plop
pop
up
bar
dear
near
her
per
or
for
nor
whirr
at
neat
great
that .
what
wet
yet
left
light
aught
caught
ought
it

not
810t
fant
jxist
midst
best
fost
most
hut
out
bout
next
you

P Y Y LY
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RCJ

N PRCJ

cJ

NVAV L

N AV PR CJ PN
N AJ AV OT

N AJ AV OT

N AJ AV CJ PN

NAJAVCI PNUL OT

N AJ VAV OT
AJ AV CJ

N AJ AV OT
NAJ VAV OT
N AV PN

Ad Y PAOT
NVAV PENOT
N PN

XAV PR
NAJVAVOT
NAJVAVL

N AJAV PROT
N AV PR

NAI VAV OT
Cd

NAJ AV PYOT
N AJ AV PR CJ PN
NAM VAV PR
N AJ VAV PR
N AJ AV PR
NPLOT

Table 4-4 (Cont.)

Word

¢

POS

_how NAVCI UJ

" pow NAJ AV CJ
ay NAVLD
by N AJ VAV PR
why NAV L
whizz NVAV I
e N AV
supra AV PR
contra N AV PR
instecad AV OT
abroad AJ AV PR
amid PR
inland N AJ AV OT
behind N AJ AV PR
around AJ AV PR
aboard AV PR
foward AJ AV PR
astride AV PR
asidc N AV PR
beside AV PR
inside N AJ AV PR
outside N AJ AV PR
unlike NAJAVPRCJ
before N AJ AV PR CJ OT
because AV CJ
despae N PR
above N A AV PR
himself N PN
heesell PN
ourscelf PN
yoursell PN
itselt LA
mysclf PN
along AV PR
enddong AV PR
Smong PR
anigh AV PR
although 4
enough NAJAV Y
awash Ad AV OT
beneath AJ AV PR
argal NAV QY
until 2R CJ
hickion 11474
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Word

between
amen
certain
within
upon
ago

into
presto
asleep
atop
ancar
yonder
under
rather
whether
cither
neither
whither
other
alter
better
whoever
over
atouy
abalt
outwrougnt
albeit
howbeit
aslant
except
athwat
amorgt
amidst
amongst
apatnst
midimost
aaust
about

throughout

POS

N AV PR
NVAV LU

N AJ AV OT
N AJ AV PR
PR

AdJ AV

PR
NAJVAV LU
AJ AV OT
AJ AV PR
AV PR

AJ AV PN u
N AJ AV PR
AV OT

N AV CJ

AJ AV CJ PN
AJ AV CJ PN
AV C2

N AJ AV PN
NAJ AV PRCJ
N AJ VAV OT
PN

N AJ VAV PR
AV PR

AV PR

PA OT

CJ

AV CJ

AJ AV PR
V2RCS

AV BR

AV OT

N AV PR

PR

PR

N AJ AV PR
N AJ AV OGT
AJ AV PR

AJ AY PR

Table 4-4 (Cont.)

Word

without
betwixt
adicu
below
midway
bully
only

any
aiongside

. opposite

onescll
sidelong
underncath
wherewith
unequal
ovarall
unhcknown
another
whichever
whanever
whenever
whensoever
whosocver
whorever
whatlever
somewhat
unbethougzht
amidimost
underimost
anyhow
anyway
bimoathly
instantly
exenterate
wherewithal
anylaxiy
evorybady
immediataly

’OS

N AV PR
AV PR
NAVE

N AJ AV PR
N AJ AV PR
NAJVAV U
AJ AV PR CJ
A AV PN OT
AY PR

N AJ AV PR
PN

AJ AV PR

N AJ AV PR
N AV PN

N AJ AVOT
N AJ AV OT
NAIAVOT
AJ PN

AJ PN

BN

AV CJ

AV Cd

AJ PN

AV C]

AJ AV PN

N AV PN
AV CT

AV it

AJ AV OT
AV OT

av Ot
NAJAVOT
AV CJ OT
AJ VAV OT
N AV PN

N PN

BN

AV CY
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been lost in the sorting proccss .\ No other significant omissions have been roted, but
are of course possible slnc;z checking of the tape dictionarics was not exhaustive. The
parts of specch given in Tables 4-1 through 4-4 were taken from the ape dictionary
and have been verified in the dlciiunaﬂcs themselves.

Task 3: Modification of Rule A Using & Siudy of Affikes

Rule A is basod upon a general cbscrvation. The business of Task 3 is Lo discover
it is possible, by considering prefixes and suffixes (which might well be expected to be
key structural elements indicative of syntactic roles), to convert a gencral rule
cvidently effoctive in a majority of cases 10 an exhi...iive rule effective for 95 pereent
of the words. It was first necessary to develop a formal and reproducibic definition of

prefixes and suilixes, as is described in The Nature of Alfixing in Written Eng&g_tf"

and Structural Dofinition of Aliixes in Multisyliable Words.® 1t was then necessary o

investigate the extent of the cerrelation between aflixes and part-of-speech, s

described in Pant-of-Spoech Impiications of Am.:_ses.? The results oy the correlation

can be bricfly describwd here.

All words with pat of speech AV, PR, PN, NP, U, PA. PP, VR, amd Cd can i
:mtomatic.illy assigned part of spoosh by :re(‘erészce to Lha word {istx ia Tables 4-1
through 4-4, lollowed by appi.cation of Rules B and ¢ for wonds not in these Hisis.
Part-of-Spuvch Implications of Alfixes was therviore concerned only with words whoso
part of spoech string contained the clements NA, AJ, and VE, which tliows the five
possible conihimiim VR, NA, AL NAVEB AJ-VH, NA-AJ being mi&ivrcd cquivalen,:
ta NA. Allempis to establish a 25 percent correiation between the part < aprech stding
of 2 word and its affises failed. However, it was noled that the correlation was closcr

for lour - to sevenesyliable words than for two- to three~syllable words, and that ’aA very

4+-18
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| - good corrclavorn could be obtained for all words between an "inclusive™ part-of-sprech

— . o, — N p—

| siring and the affixes. Thus in somc cases affix-vowel-string considerations cnable aa
absolute identification of tlw'pari of speech of a word, but in other cases identification
is to a mrc inclusive set. For cxample, a NA or a VD may be clausified as NA-VB
or an AJ may be classified as a NA. Such a cia:zamcazibn is justifiable on the
following grounde:

e It is the natural task of a syntactic analysis program o choose among several
possibie parts of speech, and it is casier to do so than o supply & missing >
part of speech.

e Dictionarics arce very reliable in thie information explicitly given, but implica-
tions inferred (rom the absence of information are less reliable. Thus the
inclusive part of speoch string assigned by the algorithm may in somo cases
Lo more correct than the more limited one assigned by a pacticular dictionary.

In our experionce with the SOX and MW3 dictionarics we found many instances
of nenagreement; usually one was more inclusive than the other.

In Part-oi-Speech Implications of Mliacs, the results of the corvelation study are

given for 72 prefixes and 87 guilixes, Impiications are of the form NA, or NA-VD, or
VD or Ad. For 41 of the affixes, the part-af-sprech implicaiion changes with the longth
oi the word, irom NA-VB {or twos amd threc-sylisble words to NA for lour- to cight-
syllabic worcds.

Later a corralalion was made for thie ailines. previcusly mentionod, which scemed
te be jikoly candidates for reducing the exceplion lists by aiding in the identification of
adverbs or in the identiflication of words omling in od which are not past participles.

Though not operationally defined ihese alliags are of practica importance and are

therelore listed below, with their part-of -speech implicalions. '
. ‘ - ] "]
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¥

Prefixes POs Suffixes POS
north NA AV seed NA
south NA AV weed NA
west NA AV like NA AV
a- AT AV wise AJ AV

ward NA AV
wards NA AV
~fly NA

TESTING AND EVALUATION

Rules A, B, and C, the exception lists, and the prefix and suffix implications
reported in Reference 7 were incorporated into a computei program for testing the
algorithm. In the program the exception lists were checked first, then the word was
separated into kernel and affix parts, then rules B and C and the other affix rules were

executed, and finally rule A was applied to all words still without a part-of-speech

- assignment. There are some compiications involved in some of these steps, partic-

ularly in separating a word into kernel and affix parts, and in assigning parts of speech
on the basis or affixes. The logic used by t e program for these steps is given in
Fig. 4-1.

To summarize briefly, the criteria by which an affix sequence was accepted as an
afiix in a given word was the same as that given in Reference 7. Prefixes were given
priority ia the stripping of affixes frori the kernel, but suffixes were given priority in

assigning tie par.s of speech of the word (as is also explained in Reference 7).

~ , . - e 2,3
To tesi the algorithm, 500 words were chosen at random froimn the tape dictionary™’

and the parts of speech assigned by tihe algorithm were compared with those given

4-20
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BEGIN

Store the word into
KERNEL buffer

D1

Initialize

1

yes Check KERNEL
ends in S
+ no
yes Check if KERNEL yes| Finished
contains only 1 e {inding —‘@
vowel string affixes
{ no
Check if previously yes | Finished |
— determined there finding —.'@
are no prefixes prefixes
2 i no
Test if 2 transformational | yeg -
—a~! prefix matches with the |—e=i Set s1gpal
beginning of KERNEL T prefix
$DO
No prefix |ea-——e——| Test if a normal prefix
matches with the
A beginning of KERNEL
+ yes I
et signal R prefi .
ycs| [no Set signal R prefix “Check if prefix
' ; ‘and/or kernel
yes no _ ? - fulfills conditions
Tested Tested Put prefix into TENTP of that prefix.
all all | and rest of KERNEL [~ Make any changes
R prefix?| | T prefix? | into XTAB "desired in either
3 4110 A}yes { no
Negate prefix o Test if the initial
Was this a -~ consonant string of
T prefix? XTAB is legal
Fig. 4-1 Search-for-Alfixes Fiow Diagram
4-21
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yes

Determine the no, of
vowel strings in XTAB
and store value in XLEN

!

Check if suffix and/or
kernel fulfills condi-
tions. Make any
changes desired in
either

no é yes

Set signal T suffix |

7
yes

—e—4 suffix matches with the
termination of KERNEL

I> this value = 07?

5 + no 6

Check if previously
determined there
-are no suffixes

+ no

e

2st if a transformational

]‘ ycs | no yes

1

no

Tested all | | Tested all
R suffixes T suffixes

-Negate suffix.
- e Was this a

T prefix?

- A

no 1} } yes

no

yes

—e=—1 TENTS and rest of

8 % no
Test if a normal no

Was there a
prefix found?

yes

yes } no

Finished finding
affixes

-0

suffix matchcs

§ yes

Sct signal R suffix

!

Put sufiix into

KERNEL into ZTAB

|

{

Test terminal consonant
string of ZTAB is legal
 or blank

% yes

Determine the no, of
vowel strings in
ZTAB and store no,
into ZLEN

!

Is this value = 0

? no

Fig. 4-1 Search-for-Affixes Flow Diagram (Coni.)
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Is there a tentative prefix

*ycs

Is prefix followed by

11

a vowel
ﬁ no

yes

ycs

Ts suffix - ed

ﬁ no

Is XLEN = ZLEN

%ycs

Accepi prefix
Add 1 to NOPRETF

é

no

=% add 1 to suffix

-] Reject prefix
== possibility

~©

10

Accept suifix

count NOSUT'[

$

Store TENTP into next
available space in PRETIX
buffer & record last index of
-store in decr. of NOPREF

Store TENTS into
next available space
in SUFFIX buffer,
Store last index
value used in decr,

!

Set to store
-XTAB in KERNEL

!

of NOSUFF

l

Sct to store ZTAB
In KERNEL

T

Change KERNEL to XTAB
or ZTAB

l
}

If no prefix or no suffix
found, set FLGN or FLGM

{0 nonzero

Fig. 4-1 Search-for-Affixes Ilow Diagram (Cont.)

2 A%
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Assign the part of

Put the part-of-spcech
and priority indicator
of the leftmost prefix
into PREPOS and of the
rightmost suffix into

ho

SUFPOS
#

Are both PREPOS &

speech associated
with the highest
priority indicator

{

Was the part of

speech HS and not
AJ also

|

Take off the right-
most suffix for
purposes of deter-
mining part of
speech

i

no

SUFPOS empty ?
# yes

Find the no. of syllables
in KERNEL. Isit>17?

§ yes

no

Assign part of
speech NA

Assign part-of-
speech NA + VDB

j

Output the sentence and cach
word in the scntence with its
prefixes, kernel, & suflixcs
and assigned part of speech

T T e g -

Was the highest
priority indicator
associated with an
affix whose POS
changes with length?

i

sentence length

Output the part-of-specch
informution on the appropriate
binary tape, as determined by

éyes no END
i
no
Are there 4 or more
Q Y v word?
syllables in the word? Remove VB part of speech
VoS from the assignment -
Fig. 4-1 Scarch-for-Atfixes Ilow Diagram (Cont.)
d-2
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in the dictionary. If dialectal, obsolcte, archaic, and rare words causing errors are

removed, and if program errors arc corrected, resulls ave as follows:

Category Number of words in category
Assigned POS matches dictionary POS 271
Extra POS assigned 19.6
Missing POS 16
POS does not match at all - Error )
Total sample 491

This shows that 95. 1 percent of the words were assigned the correct inclusive
part of speech and 55. 2 percent were assigned parts of specech exactly coinciding with
those assigned by the dictionary. Thus, the goul of 95 percent has just been achieved.
It is interesting to consider how little the affix implications have improved the
results for this sample. Taking the first 192 of the 500 alphabetized words and applying
the original Rules A, B, and C only, 20 words are shifted into the exact match category
and 25 words from the exact match category lor a net loss of 5 words, where 2 of
these go into the error category. Six words arce added to the words with missing part
of speech while two words are taken out of the category. Thus the wotal loss is 4 more
words into the missing category and 2 more words into the crror category, or about
a 3 pereent loss from the point of view ol inclusive part of speech. Rule A, it will be
remembered, requires the removal of affixes from the kernel of the word. If this
kernclizing of the word is omitted, there is about a 13 pereent loss [rom the point ol
view of inclusive part of speech, indicating that the fact that a word is affixed is more
important in predicting part of speech than what the affix is (the affixes ing, ed, and ly
excepted).  Nevertheless, using the implications of affixes is a refinement in an arca

where refinoment is sorely necded.
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It might be intercesting at this point to cvaluate the two original premises, that
clementary words are largely noun-verb and all other words are largely noun only.1
To test the first premise, the standard onc-vowel-string words in the tape dictionary
were divided into two sections, those which were NA-VB (and only NA-VB) and those
wiiich were not.  (The OT category was ignored.) There were 2,520 words in the
NA-VB category and 1,925 words with more or less parts of specch than NA-VB. The
1,925 word list includes the 132 one-syllable members of the word-class with parts ol

specch PR, CJ, IJ, PN, and PV listed in Table 4-4. Discounting thesce 132 lunction

words then, the first premisce is true for 2,520 out of 4, 313 casces, or about 38 percent.

To get 95 percent of the onc-syliable words assigned as in the dictionary, most of the
1,793 non NA-VB words would have to be in an exception dictionary. However, since
most of these are NA, from the point of view of inclusive part of speech, the NA-VD
rule for clementary words is quite good, giving results very closce to thosce obtained in
the 500~word random sarple ol ali words (35 percent exactly matching dictionary,

95 percent giving correct inclusive part ol specch).

The second premise has not been directly tested, but may be inlerred from the
500-word random sample, since we have just proven that the one-syilable words (there
are 46 in the sample) do not affect the results substantially.  In its general foem the
sceond premisce is true about 70 percent of the time, as is reported in Relerence 1.

In its moditiced form as stated in Rule A, and tested by our 300-vord sample, it is true
for only about 35 to 60 percent of the cases, but is good tor about 90 to 95 percent ol
the cases trom the point of view ol inclusive part of speech, with something less than
o percent variation, depending on whether or not part of speech implications of atlixes

ure used.

4-25
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SUMMARY

The net result of the part-of-specch studics is an algorithm which, used in con-
junction with a dictionary of less than 800 words and an affix list of less than 200,
gives a correct "inclusive' part of specch for 95 percent of a 500-word random sample,
and which should do better on textual matercial.  The dictionary is derived from an
exhaustive compilation of words which the algorithm is not capable of handling. Such
words are cither adverbs, function words, participles, or collective nouns not recog-
nized by the program, or conversely, words so classified which should not be. The
number of words in the exhaustive list is 3, 163, of which only 754 were sclected for
the dictionary. However, as explained in the body of the text, all of the 267 function
words with parts-of-speech other than NA, AJ, VB, or AV have been included, as have
all of the irregular past verbs and past participles and the more commonly used adverbs
and collective nouns. The 2,409 words omitted are mainly less common adverbs and
collective nouns and they comprise only about 3 percent of the total 73, 562 word
dictionary.
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AUTOMATIC INDEXING USING COMBINED SYNTACTIC
AND ENTROPY SELECTICN CRITERIA




3. PROGRESS REPORT ON A SYNTACTIC-STATISTICAL METHOD
FOR AUTOMATIC INDEXING

L.. L. tarl

A method for automatic indexing has been developed with two basic aims in mind,
The first aim has beea to provide a two-ievel index:
Level (1):  Index terms which are descriptive of the subject matter yet represcit
o drastic reduction of volunie
Levei (2):  Index phrases, arcvanged under the terms, which consist of selected
phirases from the text containing the terms and which give a more
complete picture of the subject matter
These two levels would aliow sclective storage or retrievid depending on the capacitics
ol the system or the necds of the iadividual inform:tion sceker. With the present
algovithm the reduction on the first ievel is o sumewhere between 0. 95 and 0. 25 per-
cent of the original volurae, and on the scecond level to somewhere between 0.3 and
3 pereent. 'X‘}-w Widc range ol reduction on both levels has to do with the second aim,
which is to adjust the density ol terms aad phirases to coy respond witn the information
content ol the teal. |
In he method developed, the test is Gest reduced by selecting a group of phrases
on the basis of their syntuctic ft&sctéu:x; the noun phrases sclectetd are the subjoects of
verhs, and the objects or predicate complements of verbs op infinitives, together with
any modifying gonitive pareses.  Froguoney counts ave taken of the remaining words,
then Lades terms ave taken from the wouls with highost froguency onunts, using entiopy
ciieria o determine the numbeor of index terms chosen.  Beriviag suitable coiteria to

meet the second iasic aim, adjustmoent of the density of inddex phiasces acconding to the

~?
]
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level of information content, has been a major concern. Five texts have been used as
samplcs for experimental purposes:
Text I — An excerpt from an electronics textbook, concerned with amplifiers
Text II — An excerpt from a text on information processing, concerned with the
encoding of speech and pictures
Text Il — A talk given by a college president on the inauguration of a department
of synnoetics |
Text IV — A chapter from a book about the personal history of the scicntists who

developed the atomic bomb (titled Brighter Than a Thousand Suns)

Text V — A journal article on a technique in processing of lists by computer
(titled "Multiword List Items')
The indexes produced using the current algorithm are shown in Figs. 5-1 through 5-5;
each of the five texts has been reproduced in Figs. 5—6 through 5-10. The first six

letters of each index term appear on the left. The index phrases containing the index

"~ terms are listed underneath the terms, indented 7 spaces. In the opinion of the author,

results are best for the textbook excerpts (texts I and II), satisfactory for the light and

low content (texts III and IV), and poorest on the more specialized and abstract journal

article.
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CAMPLIF

CIRCU]

USe OF MULTIPLE AMPLIFIFR STAGES
PONER AMPLIFIERS

- GROUNDED GRID AMPLIFIER - -
ENVELOPE RESPONSE CHARAGCTERISTICS OF BAND PASS AMPLIF]ERS

OUITPUT OF ONE AMPLIFIER

PRACTICAL PUSH'PULL CLASS B AMPLIFIERS

Tau AMPLIFIERS

ENVELOPE RESPONSE OF BAND PaSS AMPLIFIER

VIVFG AMPLIFIER

PUSH'PULL AMPLIFIERS

THUS GROUNDED GRID AMPLIFIERS

MOST MULTISTAGE AMPLIFIERS , _
TRAMNSTENT RESPUNSE CHARACTERISTICS OF BAND PASS AMPLIF]ERS
TUNED AMPLIFIERS

TRANSTENT RFSPUNSE OF EGUJVALENT VIDEO AMPLIFIER

PC THAN CI.ASS AB AMPLIFIERS

RESPUNSE OF BAND PASS AMPLIFIER

DISTRIBUTED AMPLIFIER

ENVELOPE RESPONSE OF AMPLIFIER

CIKCUIT DIAGRAM OF AN AMPL IFIER

PEXFURMANCE OF BAND PASS AMPLIFIER

MOKE STAGES OF VIDEU AMPLIFICATION

CIRCUIT DiAGRAM OF AN AMPLIFIER
NDESIGN OF QUTPUT COUPLING CIRCUITS
GRUUNDED CATHODE CIKCUIT
EQUIVALENT PLATE CIRCUIT Of FIGURE

" ANALYSIS OF CIRCUITS

RESPUN

CIRCUIT CONNECTION
SIMPLE CIRCUITS
COMMUN CAUSE OF ZIRCUIT CONDITION

RESPUNSE OF BAND PASS AMPLIFIER

ENVELOPF RFSPONSE OF AMPLIF [ER

ENVFLOPE RESPONSF OF BAND PASS AMPLIFIER

SAME TRANSIENT RESPONSE CHARAGTERISTICS

ENVFLOPE RESPONSF CHARACTEXIS!ICS OF BAND PASS AMPLIFTERS
TRANSTENT RESPUNSE CHARACTFRISTICS OF BAND PASS AMPLIFIERS
POSSIBLE HESPONSE ‘
DEIERMINATION OF ENVELOPE KESOONSE

TRANSIENT RESPONSE CF EQU!VALFNT VIpH0 AMPLIF1ER

Fig, 5-1 Index for Texi 1
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“PICTUR
COMPLETF PICTURE
NEW PiCTURE
PICTURE STGNAL
VOLTAGE OF PICTURE SIGANAL
NEXT PICTURE
SNRTS OF PICTURES
ACTUAL PICTURE«TRANSMISS SYSTEMS
- BRIGHT OF COLCR TV PICTULRE
SIGNAL
STRENGTHK OF SFEECH SIGANAL
PICTURE SIGNAL
VOLTAGE OF PICTURE SIGAAL
ORIGINAL SPFECH SIGNAL
SLOW VARTATIONS OF SIGANAL
CONSICERAGRLE STRETCKH OF SIGNAL
OF SIGNAL
DESCRIPTION OF SIGNAL
LIMITATIONS OF SOURCE SIGNAL
ANALLOG SIGNAL
SPEECKH SIGNAL SOUNLCS
SPEECK '
eLECTRICAL REFLICA OF SPEFCH
SPERCH QUALITY
SPEECk TRANSMISSIOAN
STRENGTH OF SFEECH SIGNAL
MOST COMPLICATED SPEECK SOUNLS
SPEFCHK SIGNAL SOUNCS
INTELLIGIRLF SPEECH
FINF TEMPORAL STRUCTURE CF SPEECH WAVE
ORIGINAL SPFECKH SIGNAL
SPEECK TRANSMISSION PRORLFM
SPEECK SOUNDS
ENTROPY OF SPEECH
VOCODE
UNNATURAL SOUND OF CHANNEL VCCODE
EVEN IMPERFFCT VOCCDE -
TRANSMITTING ANALYZFR AND RECEIVING SYNTHESIZER UNITS OF VOCOLE
CHANNEL VOCODE OF FIGURF VIIled4 NEFDS
- SORT OF VOCODE DESCRISELC SENLS INFORMATION
MOST VOCODRE
FORMANT TRACKING VCCCLE
VACODE QUALITY
CO3ST CF VOCODE EQUIPMEANT
VOCONE WAY OF
VOICE-EXCITED VUCOLF

Fig. 5-2 Index for Text II
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TSYNNQE

DEVELOPMENT OF ORDERLY THEORY OF SYNNOETICS
. M#AN'MAN SYNNQESIS

BRANCH OF SYNNOETICS

ETYMOLOGY OF  SYNNOETICS

S IRJECTS. OF SYNNOETICS

IMPLEMENTATION CF SYNNOETIC SYSTEMS

PURE &ND APPLIED SYNNOETICS
_THEORY —

THEORY OF PRACTICE OF
STUDY CF THEOQRY

DEVELOPMENT OF QRDERLY THEORY OF SYNNCETICS
Fig. 5-3 Index for Text II
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ATOMIC
CERTAIN ATCMIC
HINDS OF ATOMIGC PHYSICSTS
ATCMIC RONMB ;
ATOMIC ARMAMENY
FUTURE -OF ATCMIC
ATOMIC SCIENTISTS
CNE OF AYOMIC gafFizniS
ATOMIC AIR RAIT
ATOMIC PHYSICIST
ATOMIC WEAPCN
ATOMIC LABQORATGA RS
RAIN CF ATOM](C HCM&S
ATOMIC TEST EXPLOSI oA
. . OF ATCMIC PHYSICISTS
NG ATCMIC SFORET
DIRFCTION OF NEW ATONMIC INDUSTRY
FEDERATION OF ATCOMIC SCIENTISTS

NEW LEGISLATIVE PRCPCSAL
NEW LEGISLATICA
DIRECTION QF MNEW ATOMIC INDUSTRY
MEMBERS COF NEw SCIENTIFIC
DANGERGQUS EFFECTS CF MNFw PQWeR
OF NEW KIND OF WEAPONS CEVELCPMENT
NEW FRIENDS
NEW PCWFR
SINGLF ONE OF NEW EONMES
- SCIENTISTS# VISICON OF AEW WORLD
PHYSIC
MINDS OF ATOMIC PHYSICISTS
0F ATCMIC PHYSICISTS
YOUNG AMERICAN PHYSICIST
LEARNED PHYSICIST
ATOMIC PHYSICIST
ONE OF AMERICAN PHYSICISTS
THREE PRYSICISTS
YOUNG PHYSICIST
SCIENT
GROWING TENDENCY OF SCIENTISTS
ATOMIC SCIENTISTS
YOUNG SCIENTICTS
SCIENTISTS» BLOOD
OF SCIENTISTS
DOZEN OF YQUNGER SCIENTISTS
INDIRECT METHCD OF SCIEANTISTS
SCIFNTISTSe VISICON OF NFw WOARLD
MEMBERS OF NEW SCIENTIFIC
FEDERATION &F ATCMIC SCIENTISTS

Fig., 5-4 Index for Text IV
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ITEM
1TEM FORMAT
MULTIWORD [TEM
SINGLF LIST [TEN
SUCCESSOR OF ITEM
MULTIWORD ITEM CONCEPY
- LONGER ITEM
ONLY ONE ITEM
CONCERT QF MULTIWORD LIST ITEM
SPECIFIC ITEM
ADDRESS CF SUCCEEDING ITEM
LOCATICON QFf PARTICULAR ITEM
ONLY ONF TWOWORD !TFM
SIMPLE FCRM OF MULTIWORD ITEM
POSSIRLE 1TeEM OF TYPE
OF ITEM
: TWORD
ITEMS
DELETION OF ITENMS
LIST ITEMS
MEMORY LCCATIONS OF FIRST WORD CF TWO JTEMS
SUCCESSIVE LIST ITEMS
MOST SIGNIFICANT CONTRIRUTION OF MULTIWORD ITEMS
THEN VARIABLELENGTH [TEMS
MULTIWORD ITEMS
INEFFICIENCIES CF SINGLFWORD ITEMS
CONNECTED SFQUENCE OF ITEMS
FOLR ITEMS
CONSINERARLF MANIPULATION OF SEQURNCE QOF LIST TEMS
FILE OF ITEMS
EMPTY
SPACE LIST ITEMS
NUMRER OF SINGLET LIST ITEMS
MULTIWORD LIST I1TEMS
TWOWAY LISY OF THREFWORD ITENMS
NO INDIVIDUAL [TEMS
USE CF MULTIWORC !YEMS
LARRE FILF OF lTYEMS
MOST FREQUENT LIST NPERATIONSINSERTING AND DELETING ITEMS
THREE TYPES OF ITEMS

Fig, 5-5 Index for Text V

5-7

LOCKHEED MISSILES & SPACE COMPANY

"ur ‘S " M




7 i

| IST

SUCCESSIVF LIST ITEMS
TWOWAY LIST
SIMPLZ LIST
SPACE
DOURBLFT LIST
CONCEPT OF MULTIWORD LIST ITeM
LIST WEAD
LOCATICN OF KWEALD OF APPROPRIATE LIST
SINGLF LIST !TEM
. DOURLET SPACE LIST
LIST REPRFSFNTING ROW
SINGLEYT LIST
LIST STRUCTURE
NUMHER OF SINGLET LIST ITEMS
SPACE L!ST PROBLEM
FUNCT!ICN OF WHWOLE
SIMPLICITY OF LIST STRUCTURES
SlzE OF LIST -
ONE LIST STRUCTURE

Fig. 5-5 Index for Text V (Cont,)
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6. STATISTICS OF OPERATIONALLY DEFINED HOMONYMS OF ELEMENTARY WORDS*

B. V. Bhimani, L. I.. Earl, and R. P. Mitchell

Words that are pronounced the same but have different spellings and meanings, as
for example pail and pale, generally called homonyms, have long been of interest to
i‘ punsters. Systematic investigation of the number and naturc of these words shows
that they arc also of more general and scrious interest. Of the approximately 5, 700
"clementary ' words in the dictionarics studied, 1 about 3,000 can be ambiguous in
their spoken form. Morcover, many of these words are common words; in the 503
. words in Godfrey Dewey's word listz with a text frequency of more than 20 in a sample
of 100, 000, only 222 words are not part of a homonym sct. Thus, homonyms arc a
significant class of words not to be overlooked in the study of the English language.**
For purposes of this study, a homonym sct was defined as a sct of different ortho-
graphic forms having an i ical phonetic transcription as provided by a specificd
authoritative source. Any member of a homonym sct is called a homonym. An exhaus-
tive compilation of all such sets was made, by computer program, from the 5, 757
clementary words listed in the five dictionaries congidered, cach of which provides

o . s 4
. an authoritative phonetic transcription.

i *Supported by the Lockheed Independent Rescearch Program.
**According to the 2nd cdition of Fowler's A Dictionary of Modern English Usage,

Robert Bridges published an essay on homophono in 1919, as Tract II of the Socicty

g 3
é for Pure English, in which he compiled lists of words that are pronounced alike but

have "ditferent origin and signification."” lis lists contained 835 entries comprising
1. 775 words (not limited to onc -syllable words, and not including words that were
originally the same but have acquired different meanings), which led him to the propo-
sitions that homophones are a nuisance and that English is exceptionally burdenced with
them.  He proposcd also, however, that homophones are sclf-destructive and tend to
become obsolete, a proposition which may be questioned in the light of our recent

e compilations.
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References 4 through 8, respectively, will be referred to by the following abbreviations: e

e MW3
e KK

e ACD
e JON
e SOX

The homonym scts were derived separately for cach dictionary, so that dilferences
in the phoncetic symbology of the dictionarics did not cause any problems. For cach
compilation, all 5,757 clementary words listed were qpnsidcrcd, cven though each
word did not appear in all five dictionarics. Before the homonym sets were compiled,
cach pronunciation of cach word was identificd by diclionary source and also by class
of dialect when applicable.® For words missing from 6hc or morc of the dictionarics,
the missing phonetic transcriptions were generated by algorithm and marked with an

* K
indieator so they could be readily identified as special cases.

*SOX and JON represent speech patterns in Great Britain; sometlimes variant British
pronunciations are given in JON. - The other threc dictionarics represent specch pat--
terns in the United States. ACD represcnts the midwestern speech pattern, with
nccasional variant pronunciations given. KK presents separately the pronunciation
of words in castern, southern, and midwestern "dialects.”" MW3 presents speech in
regions considered by KK and also in regions of New York City (c.g., Brooklyn and
Bronx).

**Instead of transcribing the phonctics from the dictionarics, a highly accurate algo-
rithm (better than 93 perceent accurate) was devised for automatically generating the
phonetic form for cach dictionary from the graphic form. The generated forms were
then checked against the dictionaries, and crrors were corrceted. Corrected words
were marked with a D indicator. The phonetic representations of words missing from
a given dictionary could not be directly checked, however, and were marked with (1)
an N indicator if the algorithm had functioned correctly in deriving the SOX phonctics
of that word or (2) an M indicator if the algorithm had given incorrect results on this
dictionary, in which case the probable error had been corrected. Thus, the M indi-
cator is almost cquivalent to an N + D marker. The algorithms for gencrating
phonctic transcriptions arc described in two not-yet published manuscripts, "Acoustic
Phonctic Transcription of Written English," by B. V. Bhimani and J. L. Dolby, and
"The Operational Relation Between the Phonetic Forms of Elementary Words, ' by
B. V. Bhimani and R. P. Mitchell.

6-2

LOCKMETD MISSILES & SPACE COMPANY



Tiwe statistics ol the homonym compilation in cach of the five dictionarics are
soven i Vable -1 and graphically in Fig. 6-'. (Note the 10 to 1 change in seale in
vige b=lhbetween sets of 3 and sets of 4.) Figure 6-2 is a sample page [rom onc of
i nomonym printouts. The first three columns give the graphic form split into
consoniant and vowel strings; the next three columns give the code for the phonetic
representation; the seventh column indicates the sct of algorithmic rules by which
the phonetie representation was (lm'i\'(-(l.2 and the final column indicates the source
of the phonetie data usced. A blank line separates the homonym sets.

Table 6-1

NUMBER OF IHOMONYM SETS IN FIVE DICTIONARIES

Dictionary MwW3 KK ACD JON SOX
No. 2 Word Scts 1889 1402 717 727 661
No. 3 Word Scts 380 268 133 142 117
No. 4 Word Scts 99 55 33 31 27
No. 5 Word Scts 18 11 4 8 3
Ny, 6 Word Sets 9 5 2 0 0
No. 7 Word Scts 1 1 0 0 0
No. 8 Word Sets 1 0 1 1 0
No. 9 Word Scts 0 1 0 0 0
No. 10 Word Scts 1 0 0 0 0

Surprisingly, both the number of sets and number of total words involved in
homonym sets differ considerably from dictionary to dictionary, and a word which
may be in a homonym set according to the phonetic representation in one dictionary
may not have a homonym according to another dictionary. Accordingly, a huinonym
comparison table of the §, 737 words considered was prepared by a computer program,
showing in which dictionarics cach word occurs in & homouym sct, and how many and

which phonetic representations were involved.  Table 6-2 summarizes the phonctic
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Code

JON 1
JON 2
ACD 1
ACD 2
1018SK
1028K
1035K
1045K
10568K
106SK
107SK
1018w
1028W
103SW
104SW
1068W
1065W
107SW
108SW
1098W
20XSW

20XKK

Table 6-2

PIIONETIC REPRESENTATION CODES

Interpretation

1st pronumeciation

2nd pronunciation

1st pronunciation

2nd pronunciation

Midwestern pronunciation

First Variant pronunciation
East and South pronunciation
East pronunciation

Sccond Variant pronunciation
Third Variant pronunciation
Fourth Variant pronunciation
Midwestern pronunciation

First Variant pronunciation
Boston R Dropper pronunciation
Brooklyn R Dropper pronunciation
L Dropper pronunciation
Second Variant pronunciation
Third Variant pronunciation
Fourth Variant pronunciation
Fifth Variant pronunciation

Consonant variant pronunciation
on the 10x nronunciation of

Consonant variant pronunciation
on the 10x pronunciation of

6-G
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Dictionary

JON
JON
ACD
ACD
KK

KK

MW3
MWw3
MW3
MW3
MW3
MW3

MW3

KK
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codes used. Note that dictionavies do not all give the same number of phonetic varia-
tions, nor arc their nhonetic classes always the same. 30X usually gives only one
pronunciation, and therefore theve are ne SOX entrics in Table 6-2. Figurc 6-3, a
sample page ftom the homonym comparison tabie, indicates, for example, that the
word jon is invelved in a homonym sct only according to the MW3 pronunciation. Yct
the word fort is involved in six MW3 homonym scts, four KK scts, one JON sct, one
ACD set, and no SOX sct. (In general, SOX has the fewest homonyms, indicating
perhaps that the SOX phenctic transcription system is finer.)

- The total number of words in the homonym comparison table is 2,966, showing
that 2,966 of 5,757 words are in a homonym sect according te at least one dictionary.
Thus, over 50 pereent of the elementary words are ambiguous in their spoker form.
The homonym comparison table points up two significant findings, the apparcnt dis-
parity among dictionarics and the large percentage of clementary words distinguished
in the graphie but not the spoken form (as recorded by the dictionarics).

Before exploring the possible reason. for the disparity in homonym scts according
to the dictionary {rom which derived, some possibilities can be climinated. First,
since all these dictionaries were published at approximately the same time, and since
it is generally recognized that their contents are periodically upcated, historic vowel
chunges arce not expected to causce discrepancies. Also, vowels which arce consistently
pironounced one way according to one dicationary and another way (but always the same
other way) according to a second dictionary, will affeet the homonym compilation very
little. FPor example, break and breke are homonyms whether the vowel is given a

Beitish pronunciatior as indicated by "br ¢ 1 k" {n JON vr an American prenunciation
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Fig. 6-3 Sample Page of Hlomonym Comparison Table
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F l NN 1018w 1015K JON1 ACD1 SOX
_ SO T 101SA 1035% JON1 ACDL SOX
10254 101SK
1035w
r 1 RN T e TTTUoNy
F ! RTH 101Sw 103SK JON1 AChiY $0X
1015K
F_ 1 sC 1015w _101SK _.Jon ACDY S0x _
F i K 101Nw 1015K JONY ACDY Sox
f 1 T 201Sw 1015K JON1 ACDY SOX
101Sw
T 1 21 1015w TTY01sk T TTJonyT T T T T TAUDY SoX
F 1€ 1N1SwW 1045x JON1 ALDY SOX
F 1€ L 101NW 103NK JNN1 ACD1 Sox
—_ 102N . . - —
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F 0 HN 101Mw 101NK ACDY
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F 0 N 1015w
F 0 NE 101NW 101NK JaNy ACD1 SoX
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1010w 103nK JON2
1030w JON1
3 0 RO 1735w ~
104Sw
F e 0. __BE___ 101Sw 1015K JONZ ACDY SO0X
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203S# 1035% L
103Sw 1025X
2045k 104SK
_1J4Sk - - e
102Sw
F 0 wTE 1013w 1010 LdoNg o aCDy
2035w 100K
10354 1020%
e 10454 . 104D% e
1073w
2045w
L 1015w 1715 JONY ACDY sox’
10 1w 103Nk
1025+ 1825¢
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as indiciied by "hr e k" in KK, The list below gives the phonetic vymbols for this
sound from cach of the five dictionaries and the corresponding code used for machine

purposcs. (JON and KK usc the International Phonetic Alphabet.)

50X brelk B R E1419 K
JON breik BREIK
ACD brak BRA4K
KK brek BREK
MW3 brak BRA1K

Thus, consistent changes frum dialect to dialect will not cause significant discrepancics
in homonyms.

What then will cause discreparcies {rom dictionary to dictionary? When scveral
dialects arc considered together in the compilation o homonyms, as in KK and MW3,
extra homonym scts or larger sets ¢n be produced across the dialects. T'or instance,
two words whict are not homonyms in cither the southern or castern dialects may
become homonyms when the southern pronunciation of one is compared with the castern
pronunciation of the other. By removing the dialect pronunciations from thc homonym
scts, two objectives are met:

6 The ambignity-producing effects of dialects are shown.
o lomonym disparitics between ACD and KK or MW3 which result fromthe
inclusion of dialects arc removed.
In removing dialects, some difficulty is encountered in identifying true dialectal pro-
nunciations. The 103SK, 164SK, 20XSK (where X is any number), 103SW, 104SW,
1058W, 30XSW, and 20XSW pronunciations (Table 6-2) werce considered to be true
dinlects by the dictionaries in which presented and were, therefore, removed by com-

puter program from the homonym sets. The homonym comparison program was run
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again on the homonyms after the removal of the dialectal pronunciations to produce
another homonym comparison table of the same form as shown in Fig. 6-3. The results
show the expected reduction in the number of sets containing a given word and in the
number of words that appear in homonym sets, but these reductions arc not 25 large

as was cxpected.

To show the relationships among the five dictionarics from the .point of view of the
involvement of the words in homonym sets, some statistics of homonym membership
were compiled and are given in Table 6-3. Since the statistics were compiled from
the homonym comparison tables,which were compiled betfore and after the removal of
the dialects, the cffect of the dialect removal is shown. Note that with the dialects
removed the number of clementary words which are in homonym scts is reduced only
about 5 percent, from 52 to about 47 percent. Note also that the relationships among
the various sets namcd in Table 6-3 not change significantly. In particular, thc ratio
between the words forming a homonym in all dictionarics and the words forming a
homonym in any dictionary changes only from 0.5074 to 0.5467 when dialects are
rernoved. Thus, the dialects arc not the main reason for the large number of homonyms,
nor are they the major cause of discrepancies among the dictionaries.

It is also revcaling to consider the actual occurrence of ambiguity introduced by
the dialects, and because they are not numerous we have prepared tables which give
them all. In Table 6-4, Part A shows all new sets introduced by the dialeet pronuncia-
tions of KK; Part B shows all words or scts added to nondialectal homonym sets by a
dialeet pronunciation of KK. The starred items werce not removed by the program but
scemed to the authors to be dialect forms and were removed later. Table 6-5 shows
all the dialectal pronunciations removed from MW3, but here we have divided them

into nine signiticant categories.
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Table

6-3

STATISTICAL SUMMARY OF WORDS INVOLVED IN HOMONYM SETS,
SHOWING EFFECT OF DIALECT REMOVAL

Set Description

No.

of Words in Sct

With Dialects

Without Dialeets

Total Sct:
Words forming a homonym.
in at least one dictionary

Words forming a homonym
in one dictionary

Words forming a homonym
in two dictionaries

Words forming a homonym
in three dictionaries

Words forming a homonym
in four dictionaries

Words forming a homonym
in all dictionaries

Words forming a homonym in SOX
Words forming a homonym in ACD
Words forming a homonym in JON
Words forming a homonym in MW3

Words forming a homonym in KK

2966

746

236

189

290

1704

1937

2039

2600

2140

2714

297

1484

1754

1937

2039

2297

2096
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Table 6-4

WORDS INVOLVED IN HOMONYM SETS IN KK
BLECAUSE OF DIALECTAL PRONUNCIATIONS

Graphic
MUZZ
MUS

DAZL
DASLE
GREITH
GRAETH

NAIS
MAZL

CLEAR
CLARE

RIEAR
RALE

MY

MAC
BROOSE
BRUIME
CHESE
CHELSE
CROZE
CROSE
SHOKE
SURFE
LLAUSHE
HAWSE
BROOSE
BRUISE
COUTH
COOTH
JEER
*GEER
JinER

Part A

Phonetic

MAGZ,
DI,
GREPI
NEZ
KLETE2(R
RE1E2(R

ME2
or

Ml
IU1Z
TSI Z
KROZ
SoE2(R
HOIZ
BRUILZ
KULPL

DZIEE2(R
DZIETEZ(R
DZIETESR

vetonary
('mlg‘_«‘
1O INK
2O0ENKN
RN
COLNK
201NN
ARRIN
200NN
10 NI
l”Jsl\
PO iSIN

1OHSK
108K

103 or 1045K

105 or 106SK

202NK
102DK

201NK
101NK

101INK
ZOINK

104 or 1035K
105 o1 1628K

201NK
1OINK
201Nk
101 DK
1018K
201MK
10O8K
1058k
105SK




Table 6-4 (Cont.)

Dictionary
Graphic Phonetic _Code
JEAR FETE2Z(R 1068K
FEER FiE1E2(R 1055K
LITLEAR FLETEZ(R 1058K
FLEER FLETEZ2(R 1058K
HEAR HETEZ(R 107SK
“NEER HETE2Z(R 107SK
HERE HETE2(R 1088K
«LEAR LETE2(R 10568K
LEER LETEZR 1058K
TEAR TEIEZ(R 106SK
*TEER TETE2(R 1058K
TIER TELEZ(R 1058K
«WEIR WETE2(R 105SK
WERLE WELEZ2(R 1058K
« FROTII TRA3P1 1058K
TROUGH 106 DK
LBUM BAGM 1018K
BOMB 1028K
Part B
NEEZE N11Z 101NK
*WERE WAILEF2(R 107SK
*OUR A2U(R 105SK
*EAR EiE2(R 1058K
LBIER BELE2R 1058K
BEER BEL1EZ(R 105SK
*BLEAR BLEL1E2(R 1038K
LDEER DETE2R 1058K
DEAR DE1E2(R JOSSK
*RIER KELEZ(R 1058K
*MEER MELTEZR 1058K
*PEER PRI 1058K
6-13
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Graphic

e et 2

LSPEAR
SPEERE

*CHEER
*AND
*WEAR
*POOR
*PRYSE
*BLOUSE

*CLOUGII

*DON
*WOT
*SHARE
*CERE
*ERR
*YAIR

Table 6-4 (Cont,)

SPEIE2(R
SPE1E2(R

TSE1E2(R

2N
WIE2(R
POEZ2(RR
PRAIZ
BLAUZ
KLAZF
DA3SN
WAST
SEIEZ(R
SELE2(R
E3(R

o E1E2(R

H-1

Dictionary

Code

1058K
1055K

1055K
106SIK
1068K
1055K
2018K
2018K
103DK
1048K
1038K
1035k
1045K
1035k
104NK
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PUT
PUD
NEWT
NUDE
FAT
IF'AD

GAT
GAD

HAT
JAD
CAT
CAD
GNAT
NAD

PAT
PAD

PLAT
PLAID

RAT
RAD

WAT
WAS

WORDS INVOLVE”’
OI' DIA

DROWTLE SATE

DRAD

CLOUT
CLOUD

CROUT
CROWD

LOUT
LOUD

BLATIE
BLADE
DATE
DADE

DASFE
DAZE

SOOT
SUD
CADE
CATE
PATE
PAID

RATE
RAID

SADLE

SLATE
SLADE
TRAIT

TRADE

BRAT
BROD

DOT
DOD

CLOT
CLOD
PoOT
POD
PLOT
PLOD
SOT
SOD
SKOT
SKOD
SQUAT
SQUAD

Table 6-5

IN HOMONYM SETS IN MW3 BECAUSE

iCTAL PRONUNCIATIONS
Set A

SNO'T wE'T CLEAT
SNOD WEkD CLEAD
TROT CHUT LLIEASE
TROD CHHAD LLEESE
BET GLUT PLIEAT
BED BLOOD PLEAD
BLRUTTE NUT SPETIEE
BUD IHubD SPIEED
FET CRU'T TWIEEYT
FED CRUD TWickD
GLET MUTT WEEFT
GED MUD WEED
KET SHuT WIHIT
KED SHOULD WIIHD
Pi:T sSCuUT BRIT
PED SCUD BRID
STt STUT GRIT
STEAD STUD GROD
THREAT BLEAT KIT
THREAD BLEED KID
TRET CilllSE QUIT
TREAD CHEESE QUID

LIT
LID

MITT
MOD

WRIT
ROD
SKIT
SKID
FRIGUT
FRIED
KRAIT
CRIED
PIGHT
PIED
SNITE
SNIDE
TIGHT
TIDE
TRITE
TRIED

CROSE
CROZE

LOCK~EED MISSILES & SPACE COMPANY
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QUOTE
QUOD

TOTHE
TOAD

BROUGHT
DBROAD

BRAUGHT
BRAUD
SQUAT
SQUAD
SHAT
SWAD
WATT
WAD

FEUTL
'oon

HHOOT
HOOD

MOOT
MOOD

Foor
FoOD
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SHHRAG
SWAG

CHERT
CHAT

HAULSE
1HOUSE

HHAULT
HOUT

GOLY
GOIFF

ARSE
ASS
BARGI
BAFT

BARM
BALM

BARSE
BASS

BARTH
BATIH
CHAR
CHA

DART
nor

GANR

GAW

HAUGH
HARK

AR
JAH

Table 6-5 (Cont.)

CARVE
CALVE

CLART
CLAUT

MARL
MALL
PARSE
PASS

SCARP
SCAUP

SMARM
SMALM

SPAR
SPA

TAR
TA

IHE ARSI

RN

SIR
50

SEEFR
SEA

SHRIFT

SWIIT

SHRILL
SHILL

SHRINK
SWINK

S

ot B

SHPINE
SWINE

SHRIVE
SWIVE

SOURCE
PSOAS

FAULT
FOUGHT

GAULT
GHAUT

SURE
SHIRR

SPEARFE
SPHERE

SAVLE
SERVE
UGH
HER

UM
FROM

pth
DID

GUN
GON

HUPFEF
HAVE
w24
HAS

MON
MUM

MONT
MENT

PURSE
PUS

SHONG
SHUN

THIS
THUS

Al.
ILE

DEF
DIT
lll\
LAW

DRAUGHT
DROUTH

THIK
THY
TIE
TAILLE
KINE
KIN
PETCH
REACH

L
ILE
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AT

BAT

BRAT

DRAD

LAD

MAD

SCAD

BLOUSE

FADE

GADE

GRADE

HADE

LATE

MATE

SPADLE

DALT
Al
BARK

GUAD

.~ - -

WADE
KOD
GO
QUAT
NGD
ROD
SWAD
TOD
WAD

BAWD

SAID
IDE
BUD

FUD

HARRE
HARM
CARY

MAR

LOCKHEED MISSILES & SPACE COWPAXNY

Table 6-5 (Cont.)

Set B
cur
NOULD
PubD
gurT
SHOHOT
Sk
FEED
GLEET
GRERD
NEAT
REIT
CEASE
SWEDE
1T

BID
Set 1

\R

AY ALl

S0OY

DID
1)
GIED
RI'T
CID
BIDE
BRIDE
GUIDE
HIDL
SIDE
SICE
SLIDE
WIDE
OAT

BOCDE

*CAID
*HOLD
*HAUILM

*HORSE

CODE
LOTE
NODE
TOTO
SHOAT
BOOT
BROUD
LEUD
HARD
CARD
SAID
BIDE
BRIDE
GUIDE

HIDE

*MOkE
*HOW

*YOUR
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Sel

Al'T
EIiGIT
EYGHT

AUGIHT
GUTTE

GOT
GHAIT

GRuTT
BRET

DEBT
PETTE

LET
LEIT

GUT
GCTTE
BEAT
BEET

HEAT
HETE

LEET
LEAT

METE
MEET
MEAT

CILTE
SEAT

NIGHT
KNIGHT

Table 6-5 (Cont,)

" WRITE
RIGHT

GOAT
GOTE

MODE
MOD

BOUGHT
BOTT

ROOD
RUDE

Set I

BAR
DARR

PALL
PARR

EARN
URN

CiHAD
DOWD
BIRT

HERD
FORD
CORT

WARD

6-18

Set 11

SWATIH
SWATIIE

FART
FAD

SPOUT
SPALD

SWEAT
SunRED

GIRT
GIRD

CURT
CURD

WORT
WORD

GIRT
BIRD

CURT
CURD

CEAT
SURD

TIT
TEAT

SORT
SWORD

Set 1

GHAUT
GALT

LOCKHEED MISSILES & SPACE COMPANY
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Sct A,

Sct B.

Scet C.

Set D.

Sct E.

Sct I

Set H.

Set 1.

New homonym sets in which a proaunciation of type 20X is involved. These
reflect confusion hetween T and D or S and 4 sounds, which may not be
strictly a dialeectal phenomenon.

New humonym scts in which a pronunciation of the type 29X is not involved.
Woids in which a pronunciation of the type 20X adds onc to the number of
homonyms in a nondialectal homonym set.

Same as C, except a non-20X dialectal pronunciation is responsbile for an
extra member of a homonym set.  (Starred items were added by hand as in
Table 6-4.)

New homonym sets caused by a vronunciation of the type 20X, where cach
of these sets has the same pronunciation as a nondialectal homonym set.
Thus, these words add more than one member to a nondialectal sct.

Same as E, cxcept a non-20X dialectal pronunciation is responsible for

the extra members to homonym scts.

5. Words in which a dialectal pronunciation causcs confusion with words

alrcady in sets B or D. Thus, a dialecctai pronunciation of chert causcs
the homonym set chert, chat. A dialectal pronunciation of chad adds to

the set, making it chert, chat, chad.

New homonym sets in which two dialectal variaiions combine to form a
Lomonym group.

New homonym sets in which two dialectal variations combine to form a
homonym group, where each of these groups has the same pronunciation

as a nondialectal homonym sct.

To summarize cur results, it has been shown, using phonctic represcntations

from five dictionaries, that approximatcly half oi the clementary words of English arc

6-'9
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ambiguous according to at least one dictionary, and that this figurc is not significantly
changed by removal of predefined dialectal pronunciations. The words whosc dialcetal
pronunciations have affected the homonym sets have been listed, Discrepancies in
homonym data among the five dictionarics have been made apparent. It has heen
indicated thot ncither historic vowel changes nor consisient vowel changes can he
considered to be a major causc of these discrepancies.  Also, it has been shown that
the dictionary-defined diaiectal vowel variations account for only a small proportion
of these discrepancics.
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7. ACOUSTIC PHONETIC TRANSCRIPTION OF WRITTEN ENGLISII*

B. V. Bhimani and J. L. Dolby

INTRODUCTION

The current spelling of an English word is the symbolization of a traditionally
preserved form of its pronunciation, cven though it may scem to be on imperfect
reprecaontation. We shall investigate the accuracy of this representation by a detailed

examination of all of the one-syllable words given in the Shorter Oxford Dictionm'y.l

In particular, we shall show that it is possible to construct a éomputablc algorithm
that provides the correct phonetic representation (according to the source dictionary)
for 93 percent of these words, given only the written form of the word.

The esscntial {eature of this algorithm is that it mékcs usc of what we shall here
call the "marking system of written English." In somec writing systems cexplicit
markers are used to indicate vowel duration and stress. Sanskrit, for instance, uscs
a phonetic alphabet and numerals for indication of vowe! duration along with markers
for stress. Thus the English word ALMS would be represented as W
In French, diacritic markers arc used for similar effcets (e.g., H(SPITA,L).

In English, however, the orthography is limited to the 26 letters ol the alphabet
and the marking system is more subtie. One well-known feature of ithe English marking
system is the use of the final E (represented here as F) as a marker operating on the
preceding vowel string. Proper use of the markers is necessary in written English
for phonetic transcription of its words.

The initial restriction of this study to the one-syllable words of English was made

to enable us to study the marker system for precise transcription of vowel articulation

s s @

*This work was supported by the Lockheed Independent Research Program.
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and duration and to resolve certain consonantal ambiguitics without analyzing the
added complications introduced by the stress-marking system recessary for polysyl-
labic words. The stress-marker system of writien English is intimately conneeted
with the systems for carrying important grammatical signnls.z’ 3 As has heen noted

elscwhere,4 the onc-syllable words (except for the small but important set of structure

words) are gencrally grammatically homogencous.
THE SCHEMATIC STRUCTURE OF TIIE ALGORITIM

The algorithm considered herc has been programmed on a digital computer. This

device uses a limited number of symbols. As a result, it was necessary to replace

the phonctic coding system of the Shorter Oxford Dictionary (SOX) with a sct of alpha-
numeric codes .ﬁcceptablc to the machine. Thesc codes are given in Fig. 7-1. It will
be noted that the transformation from the dictionary codes to the machine codes is one-
for-cne so that no essential information is Jost by this step in the procedure. Morcover,
the alphanumeric codes were chosen to ensure that all possible codes given by the
dictionary would be representable. Only 38 of the 150 codes actuﬁlly occurred in the
one-syllable words.

The algorithm itself is shown in schematic form in Fig. 7-2. The first step con-
sists of a simiple classification of the written symbols inte the system of graphemic
vowels, consonants, and markers given in Fig. 7-2. In this system, a final ¥ is
classed as a marker, all other occurrences of I together with all oceurrences of A, I,
O, U, and Y are classed as (graphemic) vowels, All remaining characters are classed
as (graphemic) consontnts.

Step two consists of an aralysis in context to resolve consonantal ambiguities such

as those which occur with the graphemic C and G. In the third step, the letter strings

-2
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Code Markings
Symbol | Symbol No ol el | Invo | Super | _ | |
Marking Period |Letter | * | *
a A 415(6 |7 8 9 64 |65 |74
') Al 415|617 8 9 64 |65 |74
a A2 ialslel7]| @ 9 | 646574
» A3 45|67 8 9 64 |65 | 74
e E 415|617 8 9 64 165 ;74
¢ El 415(6{7]| 8 9 64 | 65 | 74
) E2 415|617 8 9 64 | 65|74
? E3
i I 4151617 8 9 64 {65 | 74
‘ 11 451617 8 9 64 | 65| 74
o 0] 45|16 |1 8 9 64 | 65 | 14
0 01 41567 8 9 64 | 65 | 74
§ 016,
u U 415167 8 9 64 | 65| 74
73 Ul 4 ! 5167 8 9 64 |1 65| 74
Break /
+
Inv. Per

a. Coaing of Vowel Sounds and Pertinent Markings for Pronunciations
of English Words

Fig. 7-1 Alphanumeric Coding for the Phonetics of the Shorter Oxford Dictionary
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b. Coding for Consouant Sounds

Fig; 7-1 Alphanumeric Coding for thc Phonetics of the Shorter Oxford Dictionary
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KERNEL WORD

Marker

Consonant String + Vowel String + Coneonant String + Marker (E)

Rules of Euphonic Combination

Consonanf + Vowel Consonant . Vowel Vowei + Consonant
String Marker Marker  String Marker String

Interpretation of Vowel Markers
and Consonant Markers

Phonetics
as in
Shorier
Oxford
Dictionary

Fig. 7-2 Algorithm in Schematic Form
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are processed through the rules of cuphonic combination, reported previously,5 to
change the letter scrings into consonant strings, vowel strings, and markers. Step
four consists of the neccssary rules to resoive the vowel ambiguities, which are the
main portion of the problem. In ston live the vowel markers are used to transform
the graphic symbols into the phonctic symbols as given by SOX.

An illustration of the operation of the program is given in Fig. 7-3 for the word
NICE. Figure 7-4 illustrates the processing of the word SMUDGE. A typical page of
computer output for the phonctics of SOX is given in Fig. 7-5. The first column is
the orthographic form of the word, the sccond column is the compiled phonetic repre-
sentation, and the third column specifies the rule used for the resolution of the vowel
ambiguities. The resulting phonetic codes were checked individually against the source
dictionary and correction cards (identifiable by the Eﬁghsh words following the asterisk)
and were added to the output deck where errors appearcd (sce, for instance, BLAE in
Fig. 7-5).

A total of 407 errors were detected in the 5,757 one-syllable words given in the
source dictionary. Some of these errors were a result of errors in the syllable
counting routine uscd to obtain the one-syllasie words from a magnetic tape listing of
SOX.‘3 The word BLASE is the onc example of this sort shown in Fig. 7-5. Many of
the remaining errors (such as BLAE) occurred in obscure words and words of limited
current interest. To obtain a quick check on the expected accuracy of the program on
wourds of greater usage, a random sample of 50 words was chosen from the subset of
the one-syllable words having a standard meaning in both the source dictionary and

Webster's Third International l)ictionary.7 Only one crror was found in this samplce

(the vowel of CRASS was .ncorrectly cquated to the vowel of BRASS).
In the remainder of the paper we discuss the derivation of the rules necessary to

resolve the various ambiguities of written English.

7-6

LOCKHEED MISSILES & SPACE COMPAMY

© o ~or = TR @ . e s TR

1 4




VD

NICE/KERNEL WORD

- =

Marker

N/Consonant + I/Vowel + C/Consonant + Marker L

J

Interpretation of Consonant liarkers

N/Consonant + 1/Vowel + S/Consonant + Marker E

Rules of Euphenic Combination

N/Consonant + I/Vowel + Marker E + S/Consonant

Interpretation of Vowel Markors

Phonetics
as in
Shorter
Oxford
Dictionary
NE2ls ~

nels

Fig. 7-3 Operation of the Program for the Word NICE
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SMUDGE/KERNEL WORD

Computer Routine

SM/Consonant String + U/Vowel + DG/Consonant String + Marker B

Interpretation of Consop-ii Markers

SM/Consonant String -+~ U/Vowel + D DZ1/Consonant String + Marvker F

Rules ol Euphonic Coml;inalion-]

SM/Consonant String + U/Vowel + Vowel Marker D ¢« Marker E + L2 1/Consonant

Interpretation ol Vowel Markers

Phaonetics
as in
Shorter
Oxlopd
Dictionary

SMASDZL

smuodg

Fig. 7-4 Processing of the Word SMUDGE
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ORTHCGRAPHIC
FORM

BLACH
HLAD
ALADE
RLAF
BLAE
RLAIN
ALAKF
AL AMF
BLANCK
BLANCH
RL aND
Bl ANX
8L ARE
BLAS
AL aSE
BLASE
BLAST
BLATE
LAY
BLAYK
BLAZE
8LEACH
CTR YT
BLEAN
BLEAT
BLEY
BLECK
8LEF
BLEED
RLENCN
RLEND
BLENDE
RLENK
BLENTY
ALERE
BLESS
RLEST
ALETY
AL {Cx
RLIGHT
BLlIN
AL IND
AL M
g in?
RLINS
BL!ITF
L TG A
RLOAY
a, 08
8,0Cx
| JT
PLOXE
8, OND
8L 000
8L 0O~
8,02
B 0ORE
8.07
R, O0'Cwm
eLOTE

PHONETIC
RENDERING

RLALNM
HLALD
RLF1a]oD
ALE14l9
RLE1 4
RLEL14]0N
RLEY14}OK
RLEL1aiOM
QAN
Ri_AZNS
RLainD
RLAINLIK
RLFAF29RY
RLALSORY
RLF1ai0S02
ALA2,ZEL
ALA2ST
RLbyaiorT
RLF14]9
RLE14I0OK
ALELel9Z
TR EY AL
HLJ1an

AL 14F20R]
ALt1al
RLFR

HLEX
ALTLs
PLl1eD
RLENS
RLEMD
RLEND
RLENIX
RLFNT

i, 4F29R
RLES
RLEST
RLE?Y

L TR
RLF21IT
BLIN
RLE2IND
BLINIA
HiLF24R2Y
RIS
BLE2!?
RLF21UY
LI A
AL ALAD

L IR N Y
fLOAn
L0t e X
B N aND
IR L
RLUY e

N VieD108PY
N Daf 200y
I IY %

B Niare

L TR ¥ 1L A

-9

OPERATING

RULES

'5 / .53 ’ ‘ b4 .o .
o€ /4 53 , A ¢+ o, o
.b / .38 ’ ‘ L .0 L4
S / .44 , A & &,
eVOWEL ERHORS

oS / .2 ’ Al ¢ o, o
eS /7 .38 4+ A ¢ o,
S / 38 « A & 2, o
S / .53 y A ¢ 0, o
oSINGULAR]TIES

.S / 053 1] A o o, .
*S /7 ,%3 , A o o,
S / .5 , A s 0,
¢S /7 %3 + A o 0,
*S / .38 ,» A e o,
oPOLYSYLLAGIC

5 /7 33 . A o o, o
'5 , 03. ’ A+ 0, L4
oS /7 .4 , AY o o, o
€S / 4 , AY o o, o
.S I .-" ’ ‘ L4 .' A4
'S / .‘6 ’ F‘ o 0,
*S / .46 , EA o o,
S /7 .38 , ks 0 e,
.s ! o“ ’ E‘ * ..
oS /7 15 , & ¢ o,
¢S /7 .18 , k& o 8, o
o€ 7 .2 ., EE o e, »
S / 2 ., FE o o, o
¢S / 185 , kB o o,
oS 4/ 15 , F ¢ o, ¢
S / .15 4 F o o, s
e 7 217 . £ o 0,
¢S /7 15 + E o o,
's I" .o [ E . ‘o *
S /7 .13 s kB o 0,
*§ /7 1% , E + o,
«5 /7 1% B o o,
oS / L1464 , | & o, o
S ¢ .‘ N 1 o o, o
S 7 ,1¢ , | & o, o
¢S / .8 , 1 o o, o
eSS /7 16 1 o o, o
.s l 02 [ ] ' L .n L]
e /7 16 , [ o =, o
oS /7 .Y ., IFE o o,
*3 /7 ) , 15k o e,
¢S 72 .7 ., 08 o s, &
«8 / .‘z « 0 0o o, o
% 7 .92 + 0 o o, o
oS /7 92 . 0 o o,
o8 /7 .03 , 0 ¢+ o,
23 72 ,92 . 0 s s, @
8 /2 .1 L 00 o o, &
8 7 A L GU e e,
o /7 & . 00 & o, =
*% /4 44 . 0O » o, .
o8 /7 .92 . u * e, s
o3 7 .02 ., 0 s s,
*3 7 01 0 0o s, @

Fig. -3 Typical Computer Output {or PPhonetics of the Shorter Oxford Dictionary
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THE CONSONANT STRING MAPPING

As notedAin Reference 4, it is always possible to represent the graphemic form
-ofa one-syllable word in the form CVC where C represents a string of consonants
and V represents a string of vowels. The ohly conventions necessary to accomplish
this are the conventions w’néreby the final ¥ is i;cated as a marker 7and words beginning
or ending with a vowel are éug‘mented with the ""blank consonant" @ . Tﬁe blank con-
sonant is alsc ured in the phonetic form of the word. The relation between \the
graphemic and phonetic forms of the word can then he studied as a composite of the
three mappings .that carry = initial consonant string, the vowel string, and the [inal
consonant string from the graphemic form to the phonétic fox;m. For instance, if we

- consider the word STRAIGHT we obtain the foilowing triple mapping:

Graphemic Phonetic
Initial Consonant String STR STR
Vowel String Al E1419
F Final Consonant String GHT (GH)/M ARKERT
1 | The complexity of this mapping then becomes the central issue. The writing sys-

tem of English might be considered purely phonetic if one could find that every writtcn
form with the initial consonant string STR would also have STR as its initial phonetic
consonant string. An even more stringent requirement for an "ideal" writing system
would require that each symbol (rather than each siring) map into a unique phonetic
symbel. It would also be convenient if this map were invertible. That is, if graphemic

STR and only STR mapped into phonetic STR. However, numerous examples exist to

show that this is not the case (e.g., graphemic ¥ and graphomic PH both into phonetic

F). However desirable this might be from the viewpoint of the linguist, it is clear that
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it is not in keeping with the written English form. Ilowever, the use of the subtle
marking system accompliéhcs thesc objectives, as discussed next.

.thn we assign a specific phonetic value for a specific graphic symbol, only two
consonants lead to ambiguous situations; ‘numely the graphic consonants C and G.
The former maps into either phonetic K or phonetic S, and the latter maps into cithci
phonctic G, or DZ1. There is, however, a subtle consonant marking system that

rcadily resolves this ambiguity with a very high degree of accuracy, and it is tabulated

next.

Graphic Phonetic

If C is followed by A, O, U [} K
Otherwise, C S
| If G is followed by E G DZ1
_Otherwise G G

Such mappings of graphic to phoneticr values for the initial strings produce the
correct phbnetic form in all but 58 of the one-syllable words of SOX. The 58 crrors
include thosc words with "uncommon' consonant strings, the words where the Cor G
rule fails, and those words where such specific mapping fails on the consonant strings.
The most notable case of the latter set is the graphic string TH which maps into P1
or D1 and the only simpie algorithm suggesied works for about 90 percent of the cascs,
and it is to map initial TH into P1.

The mapping for the terminal consonant strings is similar to that for the initial
strings: however, it becomces necessary to treat scparately the large number of strings
that are ‘ndicated as being difficult to pronounce by the rules of cuphonic combinntlon.s
For this rcason, the terininal consonant sirings are [irst mappoed inic corresponding

phonetic consonant strings in a manner gimilar to that described lor ths initial strings.

.
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The resulting -phonetlc strings are processed by rules of euphonic comb'mation5 and
separated into pronouncable consonant strings and consonants that act as vowel markers
to be used in the mapping of the vowel strings. Such a processing provides accurate
mapping of all but 155 words in the set of one-syllable words studied, and it identifics

the vowel marking, consonants to be discussed under vowel string mapping.
THE VOWEL STRING JAPPING

Table 7-1 shows the possible phonetic vowel strings for cach of the 19 graphic
vowel strings, after uncommon strings have been removed. The ouly graphic strings

that provide a specific phonetic inap are:

Graphic Phonctic
Al E1419
EYy E1419
0O1 0]
0)'¢ 0]

For most other cases, it becomes necessary to use the vowel marking consonants
identified ir. the processing of the terminal consonant strings; one of the important
exceptions being the initial consonant W which influences propunciation of the following
vowel as evident in the pronunciations of the words AS and WAS.

Since a detailed listing of all the necessary maps to resolve ambiguity in the oiher
cascs would be of iimited iuterest, we will here content vurselves with a few examples
to shuw how the vowel marker systein operates in the simpler cases. The strings B
and OA, for instance, illustrate the importance of a following R as a marker. [n both

casos the potential ambiguity is resolvod Ly ihc prescnce or absonce of a following R.
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‘ : Table 7-1 ' - | a
GRAPHIC ‘7O PHONETIC MAPPINGS OF VOWEL STRINGS |
Graphic - | | | |
String v Phonctlic Strings :
A A, Al A2, Ad, B1419, E4E29, 0164, OG, 064 «
AU A2, 064
AY Al EMI
E 'E, B1419, E24, E4E29, IUL4, 114, Ul4
EA E, E1419, E24, E4E29, 114, 14129
EE 14, ME2
EI El4l, E1419, E2I, E4E29, [14
L E21, E2IE29, E24, I, L4
IE El, E2IE, E2IE2, 114, I4E29
0 A2, A2U, A3, A34, O, O1, 014U9, 016, 0164, O4, Q4E29, 06, Ul4
OA 014U9, O4E29
oA O
00 U, U4, U4E2
oy AZU, A2UE29, A3, OL4U3, 016, O4E29, 064, U, UL, Uld, U4E29
or o
U A3, A34, [Ul4, IU4E329, I9UI4, U, Uid
Y Eal, E2E2D, 1
!

-}
3

we

3
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A s st o Al

Graphic Phonetic

If EE is followed by R EE I4E29
Otherwise EE 114

If CA is followed by R OA 04E29
Otherwise OA 014U9

> In such cases R induces the so-called visarga vowel, as has been noted in Reference 8.

Thus R can act as a "silent" consonant used only for the purposes of marking vowels

just as does the final E, the DG form, the GII of the GHT form, and so forth.

To get a more complete picturc of the vowel marking system, consider the graphic

vowel E.

If E is followed by RE £ E4E29
Otherwise if £ is followed by R E E24 |
If E is [dllowed by W@ and preceded |

by L or R | E Ul
Otherwise if E is followed by W E U4
Otherwise if E is followed by a

single consonant which is, in

turn, followed by E E 14
Otherwisec E E

This rule provides the correct results for all but seven of the words in this sct, Note
tihat tho final E applies only when there is but . single consonant preceding it, and that

the W marker is modified both by a following blank consonant and a precoding L or R.

In vssonce, the markers must be used in conjunction with one another by way of a sot

ol precedonce reistions, and this may in part be responsible for the goneral feoling

that English orthography does not present a nice mcans of ropresenting phonotic valucs.

7-14

LOCKMHEED MISSILES & SPACE COMPANY

R + v, - . A e the St o Sraraetars. o . J AL Tl R K ¢ pwe b e v iy vt ar e & A b SRR LT e R



¢

Overall, the mapping of specific graphic strings into corresponding specific
phonetic strings with the necessary use of vowel markers provides the correct result
in all but 151 of the one-syllable words of SOX. Thus the total mapping of the con-
sonant strings and vowel strings provides the correct phonetic value in all but 363 of

the 5, 757 one-syllable words when compared to the phonetic values given by SOX. |
SUMMARY

When one considers the mappings frora the orthographic forms of the clementary

words into their corresponding phonetic forms, as in the Shorter Oxford Dictionary,
it becoines apparent that the consonant mappings scem straightforward, but that proper
processing of these strings by the rules of cuphonic combination identifics the pro-
nouncable consonants and the consonants that function as vowcl markers. By such
identification of the vowel markers, it is possible to obtain a highly accurate mapping
of the graphic vowel strings into their corresponding phonctic values with complexity
that does not exceed the mapping of any specific graphic siring into a corrcsponding
specific phonetic string. When such a mapping is construcied, some 93 percent of the
clementary words are interpreted correctly. The residue consists primarily of obscure
forms, important structure words that have a unique spolling (relative te their pro-
nunciation) such as the word ARE, and a sot of ambigucus forms that can only be resolvel
by examining the surrounding contcxt of the word in o given usage, such as the words
BOW and HHOUSE.

With this analysis we see that (at least for the clomontary words) the English
orthography is a highly duveloped phoneotic systom that provides information about the
precise pronunciation of the consonants and vowols amd the duration of the vowuls wwl

certain consonants. Qther work indicates that the necossary stress information is also
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o available in\ the fg‘\‘raphic fogn@é. No other published phonatic system in use at present
can cla?ixgﬁtp"ﬁcéomplisht‘l;isﬂ w}thdut the use of a very large population of phonetic
symbols inﬁ addition to the_ngce&Sary incqrporation of diacritic markers for indication
of duration and stress. - |
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8, COMPUTER STUDY OF TRANSCR:BED ENGLISH PHONETICS:
A PROGRESS REPORT

R. P. Mitchell

This report is intended to be a brief summary of an important phase of the
computer-oriented resecarch within the field of English phonetics which is now in
progress at the LMSC Information Sciences Laboratory. The Laboratory research
effort in English phonetics is not restricted to the work reported here; it also includes
studirs of the techniques of generalized specch spectrum analyzers and the instrﬁ-
mented palaie. Nevertheless, the work reported here is basic and indispensable to
the total plannee. program in English phonetics at the Laboratory.

This report is not a detailed "werk paper.” Rather, it is a summary of background
and progress; its purposc is to indicate the nature of the rescarch effort in sulliciont
dotail that its significance can be cvaluated. Detailed rescarch results have been
reported elsewhere, and are contained in the papers listed ia the references.

Of prime importance to an w.dequate understanding of this rcacarch is the role of
machine procossing of data. Unlike many applications of duta-processing techniques
in linguistics. the role of the computer here is not primarily the role of "accountani.”
To be sure, we are handling a fairly inrge group o! .data, and these data arv growing
lavger in both volume and complexity, so that accounting services of somc sophistica-~
tion arc always nevded: but the part which the computer is asked to play is not limited
io this role.

The computer is uscd p—rimiri}y to compule. [ts inpuls aro nut, ¢4 course, cone
vontional numeric daia as they would be, for examplc, for an orbil lrajoctory compaia -
tion. In this application, lhe compuler inpuls arv Hinllerith characie s, amd remain

aiphamerics throughout the processing cyvie. For the basic dala-genoralion programs.
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the inputs are elements of a subset of English words in conventional spelling form and

the outputs are phonetic transcriptions of the thuta, :Aa the rescarch project now

stands, what takes place within each prbcessii)g 'c;g@":le is the computation of the Erglish
word's pronunciation according to a givenk recogxqzlqd‘;:‘xu’thoruy: this compulation is

| afﬁctcnt, accurate, and requires no 'cxternalﬂhum;othcr than the conventional form of

the English word. The processing cjcle‘ls\s hot a trivial one of matching inputs with

elements in a large memovy-core; it is a nontrivial cycle invelving a computation of

the phonetic transcriptions of the input-word using all the relevant information containcd

in the graphemic structurc of the word.

In addition to the basic data-generation programs, as much of the analysis of the
phonetic data as is possible is carricd out by various formatting and counting programs.
Thosc programs fall largely within the category of "accounting scrvices.” They are
csscntial, though unspectacular, scrvices which the computer is asked to perform.

At this writing, the subset of English words from which basic phonetic data has been
gonorated is the set of elementary words as defined by Dolby and Resnikoff,! which is
a sot of somce 3700 words. The pronunciations of cach of these words has been deter-
mined {or ezch of (ive authoritative sources, so that our aciual set of data consistx of
some 59, 000 entrios. This is a sizeable lile 0 maintain and edit as it now atamds, but
our bnmediaie plans are¢ 10 extena our results L Lie sct of words whiéh conbiin ong
and only one phonctic vowel according Lo the transcriptions in the Shorter Oxlord
Dictionary This would incroase the input-word st to about 8, 000 entrivs, with a.
corvespending minimum of 50, 000 phonatic entrics. To procrss liles of aimamvﬁc:
data of this size. withuut extravaganst use ol computer time, reguires extremely effi-
cient aod reliable déta-ptocmiug technigues. |

In this respeci. the irsearch oq programming techniques carriod out cmtwrc |

in the Information Sciences Laboralory has boen most helplul in this project. Two of
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the basic data-generation programs were originally coded in CILARM, developod by
Lois Earl of this Laboratory for the purpose of processing linjuistic data. CHARM

is casy o learn, casy to use, and cfficient for files of medium size. Many of our
programs were coded in MPLL, a multipverposo language developod by Roger Stark,
also of this Laboratory, MPLI, which uscs the XPOP compiler, gonerates cxtremoly
cificiont codings for processing files of all sizc>. For our formatting and analysis
programs, MPLi was found to be a most helpiul tool.

The basic source of data input for this projecs is the word-list generated by Dolby
and Rcsnikoﬂ;z the sct of clementary words, defined by the same authors in Relference |,
was choscn as 2 basic set with which (¢ investigate relationships Letween ovthographic
and phonetic representations of English words. The choice was governed partly by the
fact that this sct is casily defined in terms of orthographic structure, and partly als»
by the fact that it is a sufficiendy large sct of lexed items 1 which to begin the
study. B. V. Bhimani, Iniormatioa Sciences Laboratory consultant and the srincipad
invostigator for phonctics research ai the Laboratory, initiated this investigaiion and
has carriced it through to its present form.

The set of clomentary words corresnomls approximately to»tbc sot of all lexod
iteme of the form {(vonsonant string)(vowel string)(consonant string). In this definitios,
tha set of graphic vowels contains the eluments 3, ¢, |, 0, u. and y. final ¢, deanted
by the aymbol ¢, is an clemont of the sot of noavowels, or consonants: am vithet or
both of the consonart sirings moxy be einply. but the vowul string is non-empty. For
corveni encg, in this paper we use irenihescs (0 mark oif orthographic cioments.
This, @) . (old) . and (XMFHA are ail ortbagraphic clomoents.  Note thal there is
5 dillerente botwoon the dem}i’a (xy:) oo (XHYM®) : an the former, wo aigan o

indicale considecilion of e string "' ax an integtrai clemont, while i~ 8¢ lallcr




we intend to consider the contingent concatenation of the graphic elements (x) , (y) ’
and (2} . The sct of graphic vowels is denoted by V and the set of graphic nonvowels
is designated by C .

In this notation, the set (X), where X iseither C or V, is the set of all
clements (x), (x(w)) , ((X)W) , (xW) , (x(wW(z))) , (X((W)2)), ..., where x, w, and 2z
are clemants of cither C orof V, but not both. The work of Dolby and Resnikolf on
the graphemic structure of English words is basicaliy the study of written English in
terms of sequences of the form (CHV)(CHVNC)...(C) . In other words, a lexed item,
except for convenience of reference, is never considered as a distinet unit of the form
(CVCVC...C).

Approximately, then, the study of elementary worus is the study ol strings of the
form (C){V)(C) , with the study restricted [irst to those lexed items in the Shorter

Oxford Diciionary which can be represented as an clement of the set (CH{V)(C) , and

sccond to certain statistical restraints which eliminate obscure words and unusual
consonantal combinations. There was, however, a third resiraint operating ih this
ihvcstigﬁtion -~ viz., the gencfal purpose of the investigators in attempting to discover
rciationshups between the orthographic siructure of words and their péssihic grap -
matical properties. To obtain as ncarly gmmmmicallykhomogeucous partitionings of
the set (CHVNC) ﬁs possible, the auu\orskwera led to criteria which climinate a small
Lut important got of i‘cxéd _items strictly clemonts of (CHVHC) . On the whole, how-
evey, the st_si of i:!cmenmry words us defined by Dolby and Resaikol! is rcpfcsu-ntativu
of Engiish {C){V)(C) wordi‘ | |

The queduon of whather there oxist compuisble velations betwoen the graphic
representation of English words and their sots of pronunciations is a topic of cunsiderabic
intrinsic and economic interest. It is not necessacy here to elaborate on the possible

impartant implications of an affirmative answer to this question. To begin to make 0
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the question‘a sensible scientilic problem and further a meaningful computational
problem, there must exist phonctic data in some reasonably tractavle form. A major
part of linguistic science has always been concerned with various aspocts of the problem
of rcpresenting phonetic data. We thus have the various phonetic alphabets, phonemo
studics, the notion of "distinctive featurcs," and so on, as attempts to give a certain
structure to an apparently otherwise unstructured mass of data. As nearly as we can
determine, and without questioning the scientific merit of these cfforts, the kinds of
structure whick they induce upon the data are not computationally practicable, cven
when they happen to be computable in principle. It scems reasonable to assume that
if the question is meaningful at all, it is mecaningful at some lower level of structure
among the several which have apper ~ed ... the literature. Such a level is exemplified
by the pronunciations of words as recorded «nd transcribed for various dialects of
English by diffcrent authorities. Clearly, there is no “"proper" operational definition
of a pronunciatio: of a word, and just as clcarly there cxist certain limits within which
communication by means of oral articulation of the word is significd. There is an
automatic interplay within the communication process of the various aspects of speech
production, perception, rccognition, and representation, to name but a few of the
larger aspects of the process. There do exist transcriptions of speech which attempt
to reprosent the pattern of speech as perceived by the transcriber and communicate
the perceived pattern to others (within the limits of the phonetic alphabet used). These
wanscrplions have inherent limitations, and are clearly not inteaded to bo reproduc-
tions of spoech in the same sense that tape recordings and wave forms are physical
reprosoniations of the speech pattorns they reproduce.

The value of transcribed phonctics to the question we are considering lios in tiwe
fact that the transcriptions constitute "intermediate data” within this question. Not all

of the physicaily significw:t features of specch production are represented in the
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transcription, but enough of the phenctically significant features of the specch pattern ‘
are present in quality transc.iptions to make the pattern meaningful as data. Our

first task, thercfore, was to discover whether thera exist relations botween the graphic
structure of lexed items and the phonetic transcriptions of those itecms as transcribod

by recognized authoritics. If the answer should be negative fn aay practical scnse,

then the problem of relating phonetic and graphic structurcs must rely for its solution

upon analysis of som= lower level of phonetic data. On the other hand, if the answer

should be affirinative, and if the relations turn out to be practicably computable as

well, then the probiems of analysis and synthesis arc simplificd and a valuable inter-

mediate structure ig made available.

An authoritative source of phonetic transcriptions of lexed items lay in the various
phonetic dictionaries and the conventional dictionaries. Bhimani, using work completed
hefore joining the Lockheed consulting stafl, was able to constrnct aa algorithm relating
tho orthographic structure of clementary words o theie corresponding phonctic tran-

scriptions in the Shorter Oxford Dictionary with 93 percont accuracy. This result was

reported in Relerence 3. The term "92 perveent accuracy' means that, on the average,
the algeritnm will fail to yiela the Shocter Oxlerd phonetic transcription for 7 words
out of 169 This :;'esult‘;was sulliciently encouraging: that e turned his attention to the
probliem i constiucting sunilar ai;,orilhﬁas for other authoritative transcriptions.
Using the results for the Shorter Oxlord algorithim, he cbtained algorithms for the
phonctic transeriptions of thie 8¢t o!f word s acoaciing, e fite uther authoritivs, repre-
seinting individually and collectively several scis of dialectal variants of spoken English.
The success of this work dependst upon o propr-r urderstanding of the rules of
cuphianic combination for English and the maasacr in which conventional s,elling utilizes

graphic symbols to wdicate vowe! ducation and stress. A well -known exampie of th.s
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"marking system" is the ¢ marker. In the word "scrape," for example, the algorithm
first splits the word into its graphic CVC form, then looks for markers which (if
present) yield a modificd pronunciation of the word., Thus "scrape” is split into
(ser)(a)pd) , # is recognized as a marker in this context with no othovs present, and
the resultant transcription is processed. It is of interest that, to obtain thesc accurato
results via the marking system, the general orthographic domain is not the sct
(CHVNC) as it was fov purely orthographic studies. The general orthographic domain
for ontaining a proper phonetic image is the union of the seis (C)H(V(C)) and ((C)VNC) ,
a much larger set. This certainly does not imply, however, that the sct of phonetic
images is equivalent to the set of allophones. This is because, first, not every indi-
vidual combination of graphic vowel and graphic consonant nceds to be interpreted
preciscely and, second, not all combinations of phonetic vowel and phonetic consonant
nced to be interproted precisely when a mapping is cffected from one phonetic source
to another.

Upon complction of these algorithms and their implementation to obtain calculaterd
phonctic transcriptions, the results were checkeil entry by entry against each source,
errors were noted and corrected, and the ontire corrected outpu® placed on a singie
file of magnetic tape. Tho next step was to relormat the data in such a manner that
all pronunciations of cach word could be displayed at once. This was accomplished in
@ single MPLI program which requived only 5 ' stos of 7094 computer time. A
suction ef the output of this program is shown in Fig. 8-1.

W could now evaluate the caleulated teanscriptions "across the board” by com-
paring cach of the live sols of pronunciations oblained for cach word against the other
four. It had already been obvious that cach of the live sources posscesscd its own

interpretation of the marking system for the language. lHow do thoso interpretations
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differ and what are the cffects of these differences? Are the differences so great that
it is impossible to construct an algorithm which calculates all of the given transcriptions
at once for cach word? These and other related guestions concerning the value aned
consistency of the phonetic data arc currenily in the process of being answercd., In
order to provide material for statistical analysis, and also to provide users of the
dictionary a key to the status of cach phonctic entry with respect to the algorithin, a
code was inserted which describes the extent o which any given entry agrees with the
algorithm for that word (Iig. §-2). This phase ol the work has been completed and
preliminary results were reporied in References 4 and 5. .A bricf summary of these
results {ollows. |

Supposc that the observed differences among the authoritics studied ace caused by
"sound cb:lll;',’t:" lor the dialecets recorded.  This hypothesis cowd be tcslcd w_nh_ our
data by determining what transcription patterns in four of the sources corvespond 4o a .
givc;\ pattern in any single zuurce. The results clearly indicate the ollowing fucts:
(a) Any algorithm which could be constructed to relate the phoncetic transcriptions of

one authority to those of any of the other four, would require mere vules and o more

complex logic than the algorithm which produces the transcription from the u.rtho;;ruphxc' -

form of the word. (b) The data show thatv_m}cs of the type which simply substitute
phonctic . -wels for graphic vowels amd phonutic consonunts i_m* gramuic coaéw;mw are
Kross oversimpliflications and lead to g¢rivncous data. .'l’hc ﬁata further show that tules
of the type which substitute phonetic Qa»wcis' in 0ng Beurce fuf‘ f;h‘étwuc vowels in
" another, and phonetic consonants in »m source for 5.xlio.t_§e£_i'c”<‘fémuu‘;xnw in another,

are improcise rulus to effect a'-mrqapmgi from oﬁt{ source io-a.:‘d‘lhéf. (c) The data
imiiratg a prudiciable depusdency of vowel valss up:ét aurMNng censonant values.
“Note that these results 'wm;e obtiisd lor ggggﬁgym. aml not just the data-generatos

ouiputs. This rosult tonds to coniirm the existonee of fwiclional relutionships butweon
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vowel and consonant values which the muarking system for Engli..'. orthograjhy
predicts.

Certainly, a lcgiumgw qucstion which can be, and ought to be, raised is how
accurate and consistent are the transcriptions themsclves in cach of the five sources
we have considered. Obviously, we cannot check the accuracy of cach transcription
with respect to what was perceived when the transcriptions were made and the dic-
tionaries comypiled, but we can expect to distill a gross picturc of some o. the perception
and compilation preblems which the authorities individually encountered for this set of
words., lHaving available the corrected dictionary, we sorterd cach source separately
on the phonetic lields in terminal rhyme order and examined the resuit: There exist,
in cach of the five sources studied, uncxpectedly large sets of orthographically distinet
words which have the same phonetic transcription.

Two orthographically distinct words with the same transcription are sqid to be
"homonyms," and the set of all such words for a given transcribed pronunciation is
called the "homonym set” for that transcription. Our pruliniinary results show that
cven removal of "exireme' variants in pronunciation jig well as recognized dialect
variants in cach of the sources, doces not significantly affect the high intf:i'dcncc (aver-
aging over 40 percent) of homonyms in thiy sot of dat.a. Quitc apart from i‘fwir number,
no groat agreomort was found among the five authoritics regarding the ‘scta of hom-
onyms. Evideatly, many factors are at wnﬁ to producr this y. result; probloms of speech
production and porception, pogsible constraints in transcription technigues, and other
factors enter into thivy phenomoenon. Newnhetcﬁ. though the extont of homonym sots |
was surprising o us, the existonce of homonyms is prodictable in terms of the ortho-
graphic marking system.

At this puint of our study, we posscascd three distinct sois of relations: (a) The

sci of relations betweon the orthographic forms and the phonetic transcriptions in each
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of live sourcecs; (b) the set of relations between the various phonetic forms for ecach of
the recorded dialects; and (c) the sct of relations for the generation of transcriptions

in the other four authorities from the Shorter Oxford phonctics. Fuarther, cach of

theso sots is a sot of computabic relations. It turns out that the scgments of phonetic
forms in each of thesc sets of relations arc identical. It will be recallod from carlior
discussion that thése rc;lnubns -are not vowel-for-vowel and consonant-for-consonant
relations, but of the form typilicd by the orthographic domain: ((C)V) amd (V(C)) .
The iact that the segments are identical for the three sets of rclations means that they
are independent of the propertics of any particular transeription. These scgments
provide the nceessary and éuﬂicicnl conilitions, without having to resolve homonyms,
for the definition of the minimum segment ol specch perception.  In view of this result,
the problem of resolving homonyms takes on a new importance. Obviously other infor-
mation than that wkich has been usced is required to resolve, or minimize, scts of
homonyms. Our current efforts arc in the direction of determining whether gram-
watical propertics of the words are helpful. It is already apparent, however, that
simply listing and comparing possible parts of speech tor homonyms is not going to he
very hel; ul. Larger context than the word in isolation may be required for cilective
resolution of homonyms.

L s important to understand that the existence of culeuwable speech segments
which provide minimuim sogments of specch perception nas been demonsivated entively
without reference to theories of perceplion ami linguistic analysis at a higher level
than the rules for cuphonic combination, and analysis of phonctic data published in
dictiniries. Thore appears 0 be some conlusion in the minds of linguists who have
seen these cesults and insist that we are studying graphemic -phonemic relationships
amd hal our resu.. 1 uniue thaving boen obtained carlier). This is simply not

true.  First, our ievel of analysis i much joweyr thar shat leved of shatraction on which
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phonemic analysis proceeds. We have no neod for phonemic analysis, and it is

meaningicss to discuss phonemes at the level of our dati. Socond, our results are

obtained from completoly sclf-containod algorithms. So far as we have been able to

determine, no other operational procedure in this ficld obtains so much from so little.

We have shown that the results obtained by our methods do not depend upoin any pir-

ticular transcription, and furthermore the transcriptions we have uscd are ré:miiy

availabie in any library; it is not impossible to reproduce our data and our rcsului.

In any cvent, this is demounstrably not possible for procedures based upon phonemic

theoricg. Third, we have secn no comparable results anywherc clsc.
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